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ABSTRACT 

This volume presents  t he  ana lys i s  resul ts ,  conclusions and 

.rccommcndrtions derived from a study of  t h e  MCCH Communications 

System. The following three  analyses were made: 

1.  Analysis of  Inherent filUCS and FCM Telemetry 

Limitations and Analogous CCATS Limitations 

2. Telemetry Data Handling Analysis 

3. Communiqations Processor Loading Analysis 

Spec i f i c  ana lys i s  and conclusions with regard t o  system 

performance cha rac t e r i s t i c s  are discussed. 

made for extending and applying t h e  ana ly t ic  techniques used, 

and f o r  i n i t i a t i n g  addi t iona l  system studies .  

Recommendations are 

iii 
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SECTION I 

INTRODUCTION 

SCOPE 

The analysis results presented in this section reflect basic 
decisions in two areas concerning the scope of the Communications 
System portion of the overall Task A study. First of all, it was 
necessary to determine which of the seven existing eo 
subsystems should be included within the present study effort. 
Secondly, it was necessary to establish a ground rule concerning the 
inclusion of CCATS considerations as part of the study. 

Regarding the selection of certain exisking communications sub- 
systems f o r  analysis, the subsystems selected were those considered 
to have the greatest operational significance and, at least potenti- 

ally, the most severe limitations in terms of performance and growth 
characteristics (limitations which may not be eliminated without sig- 
nificant expenditures of time and money). These are as follows: 

l a  Communication Processing Subsystem 
2 e 
3. Master Digital Command Subsystem 

Telemetry Subsystem (PCM portion thereof) 

The following subsystems have not been considered: Pneumatic Tube, 
Voice, Teletype and Facsimile, and Communications Facility and Con- 
trols (FACS) 

fiegarding consideration of CCATS within this study, the fol- 
lowing ground rule was established: Emphasis would be placed on the 
existing system, but an attempt would be made to select existing 
system characteristics f o r  analysis which, in addition to being sig- 
nificant in their own right, would produce results and/or involve 
analytic tools/techniques applicable at least in part to the long- 
term goal of a more comprehensive CCATS analysis. The application 
of this ground rule is discussed further in SECTION 11. 
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GENERAL OBJECTIVES 

The general objectives of this portion of the study may best be 
understood in light of two basic guidelines. These are as follows: 

1. System characteristics are considered herein to 
warrant analysis only by virtue of being signif- 
icant either in terms of system performance, 
primarily from an operational viewpoint, or in 
terms of system growth (or augmentation) capa- 
bilities. (Appendix A, in a more conceptual 
manner, discusses the categorization of all 
questions of interest regarding a system into 
those derived from either a performance or a 
growth orientation.) 

2. "Effectiveness Analysis" for purposes of this 
report consists - rather than of an evaluation 
of present/predic ted system character is tics in 
terms of present/predicted specific system re- 
quirements - of an analytic "description" of sig- 
nificant system characteristics. 

Recognizing the above guidelines and the study scope as defined, 
general objectives may be delineated as follows: 

1. Provide an analysis, quantitative to the extent 
possible, of significant performance and growth 
characteristics of the existing Communications 
System. 
evaluation by NASA. 

This analysis should facilitate system 
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2 .  Provide to the extent presently possible an 

analysis of, or at least a qualitative indica- 
tion of, expected CCATS charactersitics analogous 
to those analyzed in more detail for the existing 
communications subsystem, 

3 .  Develop or begin to develop a set of analytic 
tools and/or techniques considered useful for 
any on-going systems analysis/evaluation effort 
of the communications system.. 

More detailed objectives are presented in subsequent paragraphs for 
each pol-tion of the analysis. Note that the provision of a general 
system description is not included as an objective of this report 
and therefore, that an understanding of the system at a general level 
on the part of the reader is assumed. 

At this point, it might be noted that all of the conclusions and 
recommendations derived from the foregoing analysis may not be viewed 
as dipectly supporting the above ob jeciives; certain conclusions/re- 
commendations must be viewed as byproducts of pursuing these objectives. 

BACKGROUND 
- - ~  General Approach 

The objectives delineated above were pursued by considering any 
supporting analysis effort to be part of an overall effectiveness 
analysis without distinguishing between portions of the analysis re- 
quiring only straightforward tabulation of capability and capacity 
characteristics and portions requiring extensive theoretical and/or 
usage data analysis, 
selection of significant characteristics for analysis; this emphasis 
resulted in a significant expenditure of effort for the selection 
process resulting in Appendix A as a study byproduct, 
system characteristics were analyzed in a way considered most appro- 
priate in light of the nature of the question of interest and the 
da-ta available 

In addilion, primary emphasis was placed on the 

Once selected, 
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NASA Participation 

It should be noted that, in addition to the necessary NASA support 
in obtaining and understanding system information, significant support 
was received in the areas both of selecting system characteristics con- 
sidered significant for analysis and of successfully recording empirical 
communications processor loading data. The first area deserves emphasis 
in that the usefulness of any study of this kind is largely dependent 
upon which characteristics have been analyzed. The latter area is noted 

because the analyst's own degree o f  familiarity with facility scheduling 
procedures, program change procedures and test conduct procedures would 
not have permitted successful conduct of this portion of the analysis. 

CONTENTS OF COMMUNI CAT1 ONS SYSTEM VOLUME 

To assist the reader, a summary of the contents of the remainder of 
this volume of the final report follows: 

Section 11, Selection of System Characteristics for Analysis 
discusses the selection process in terms of the factors involved, the 
interaction between these factors, the characteristics selected, and some 
significant omissions in terms of characteristics not analyzed as part 
of this report. 

Section 111, Effectiveness Analysis constitutes the primary 
portion of the report - a description of specific analyses in terms of 
specific objectives 
recommendations. Note that this section is intended to contain suffi- 
cient technical information to permit an understanding of the results, 
conclusions, recommendations presented, but not sufficient information 
to permit detailed scrutiny o r  reconstruction of the results; such in- 
formation may-be found in Appendix B o  Note also that any consideration 
of CCATS is llintermingledll with the discussion of the analogous charac- 
teristics of the existing system. 

SectionIV, Summary ai? R@commendatiions summarizes the study 

technical results, and any associated conclusions/ 

recommendations. 



SECTION I1 

SELECTION OF SYSTEM CHARtlCTBFiISTICS FOR ANALYSIS 

FACTORS INVOLVED AND THEIR INTERACTION 

Based on the  p r io r  discussions of scope, object ives  and general  

approach, ce r t a in  f a c t o r s  would be expected t o  be involved i n  the  

se l ec t ion  o f  spec i f i c  cha rac t e r i s t i c s  of the  ex i s t ing  system f o r  anal- 

y s i s .  These two f a c t o r s  appear first below with a b r i e f  ind ica t ion  of 

how each was included i n  the  se l ec t ion  process. 

pected, f a c t o r s  i d e n t i f i e d  i n  terms of hard and fast  p rac t i ca l  con- 

s t r a i n t s  were a l s o  involved; these ap 

Also  as would be ex- 

ar below as the  f i n a l  two. 

S i g n i f i c a n c e o f  a Pa r t i cu la r  System Charac te r i s t ic  

Viewing s ignif icance from e i t h e r  a performance o r  an augmenkation 

viewpoint, the  methodology discussed i n  Appendix A was employed t o  

der ive a l i s t  of s ign i f i can t  cha rac t e r i s t i c s  of t he  ex i s t ing  system 

from various types or  categories  of MCCH requirements. NASA comments 

were a l s o  obtained and discussed. 

- CCATS Appl icabi l i ty  

A s  defined previously,  t h i s  f a c t o r  involves a determination or 

estimate of the  ex ten t  t o  which t h e  resu l t s ,  t oo l s ,  and/or ana ly t i c  

techniques associated with ana lys i s  of an ex i s t ing  system character-  

i s t i c  w i l l  contr ibute  as w e l l  t o  an ana lys i s  of CCATS. 

was considered and discussed by NASA and MITRE personnel f o r  charac- 

t e r i s t i c s  being considered f o r  ana lys i s .  

- Avai l ab i l i t y  of Usage Data 

This f a c t o r  

Considering usage da ta  t o  cons is t  of any da ta  col lected empir- 

i c a l l y ,  a survey of ava i lab le  da t a  was conducted f o r  t he  three  sub- 

systems of i n t e r e s t .  
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Available T i m e  vs. Report Schedule 

For each ex i s t ing  system c h a r a c t e r i s t i c  of po ten t i a l  i n t e r e s t ,  an 

estimate was made of t h e  t i m e  required t o  accomplish an associated 

ana lys i s  e 

ConsideratLon of t he  in t e rac t ion  between these f a c t o r s  l e d  t o  a 

f i n a l  determination of those spec i f i c  system cha rac t e r i s t i c s  t o  be 

analyzed. 

with the  appropriate  NASA personnel t o  insure  a common understanding of 

the  content of the  study on the  p a r t  of a l l  p a r t i e s  concerned. The fol- 
lowing paragraph presents  t h e  r e s u l t s  of  t he  se lec t ion  process. 

This end product o f  the  se lec t ion  process was then reviewed 

SPECIFIC RESULTS .OF SELECTION PROCESS 

Charac ter i s t ics  To Be Analyzed 

1 .  Inherent Limitations of MDCS and PCM Telemetry Hardware and 

Analogous Limitations for CCATS - Consideration o f  both MDCS and PCM 
Telemetry Hardware, p a r t i c u l a r l y  the  Ground Sta t ion  i n  the l a t t e r  case,  

l eads  t o  the conclusion t h a t  ce r t a in  basic  design cha rac t e r i s t i c s  of 

t h i s  special-purpose hardware may be equated with po ten t i a l ly  s ign i f -  

i c a n t  operat ional  l imi t a t ions .  Despite t he  f a c t  t h a t  t h i s  conclusion 

i s  c e r t a i n l y  not  o r ig ina l  with t h i s  author,  it was considered worthy 

of t he  e f f o r t  involved t o  tabula te  these cha rac t e r i s t i c s  i n  terms of  

t h e i r  l imi t a t ions  on operat ional  ttparametersN and t o  present,  t o  t he  

extent  possible  as a funct ion of CCATS design progress, a descr ipt ion 

of t he  analogous CCATS cha rac t e r i s t i c s .  

2 .  rime Delays and Sampling Rates Associated with Telemetry Data 

Handling - Such telemetry da ta  handling cha rac t e r i s t i c s  of t he  ex i s t ing  

system were selected f o r  ana lys i s  pr imari ly  based I )  on t h e  r e l a t i v e l y  

c r i t i c a l  nature  of t he  t imel iness  of telemetry da t a  when compared t o  

other  types of MCCH-processed da ta  and 2) on t h e  fact  t h a t  telemetry 
da ta  represents  a high percentage of the "data volumett handled by the  
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MCCH and, therefore ,  i s  of grea t  i n t e r e s t  from an engineering poin t  of 

view. 

ana lys i s ,  but no t  as a prerequis i te .  

"CCATS appl icabi l i ty"  was considered a po ten t i a l  meri t  of such an 

3. Communications Processor Loading *- rTLoading'l as. used i n  t h i s  

case refers  t o  usage of computing capacity i n  terms of the percentage of 

t i m e  a processor i s  busy performing software operations.  Despite t h e  f a c t  

t h a t  it i s  not  poss ib le  a t  t h i s  time t o  perform a dekailed l o a d h g  ana lys i s  

on t h e  CCATS hardware/software configuration, such an analysis of  khe ex- 

i s t i n g  system was considered t o  have m e r i t  i n  terms both of achievable 

r e s u l t s  and of t h e  development of tools/techniques appl icable  t o  l a t e r  
CCATS ana lys is .  

Important Charac te r i s t ics  Not Analyzed 

Although t h e r e  exis t  severa l  areas not covered herein i n  which 

ana lys i s  could be performed r e l a t i v e  t o  the  MDCS and Telemetry Subsystems, 

these  omissions are considered t o  be of l imi ted  importance i n  l i g h t  of t h e  

forthcoming major CCATS augmentation. 

concern about the  omission of ce r t a in  cha rac t e r i s t i c s  of the  ex i s t ing  

Communications Processing configuration. 

therefore ,  any omissions from t h i s  ana lys i s  are considered t o  be of minor 

importance, Expanding one*s  scope of i n t e r e s t  t o  include CCATS, however, 

Similar  reasoning mi t iga tes  any 

Regarding t h e  ex i s t ing  subsystems, 

one f inds  - as might be expected - s ign i f i can t  areas begging f u r t h e r  

ana ly t ic  work. Two such areas are discussed below, 

Note t h a t  it i s  not intended t o  present  a comprehensive l i s t  of a l l  

poss ib le  f r u i t f u l  areas f o r  future ana lys i s  which have no t  been covered i n  

t h i s  repor t .  

Communications Processor ( o r  CCATS) f o r  o ther  than TLM da ta  and of t h e  

RTCC-to-CCATS b i t  r a t e  required to support var ious da t a  requirements are 

p o t e n t i a l  areas of f u r t h e r  useful ana lys i s  a c t i v i t y .  

f o r  ce r t a in  aspects  of t h e  analyses reported i n  t h i s  volume must be con- 

s idered incomplete and prliminary,  meaning t h a t  f u r t h e r  e f f o r t  i s  required 

i n  these  areas as well .  

p a r t i c u l a r  importance which were s p e c i f i c a l l y  encountered but no t  pursued 

during t h i s  study e f f o r t .  

For example, the  issues of time delays incurred within t h e  

Also results t o  da te  

The i n t e n t  i s  simply t o  i d e n t i f y  two areas of 

7 



Analysis o f  CCATS Storage Ut i l i za t ion  

In  t h e  case of any adaptation v i a  software of a general-purpose 

hardware processing configuration t o  p a r t i c u l a r  opera t iona l  needs, a 

leg i t imate  area f o r  ana lys i s  is  t h e  u t i l i z a t i o n  of both core and per iphera l  

s torage i n  terms of t h e  types and quan t i t i e s  of d a t a  s tored.  Such analysis 

provides quan t i t a t ive  ind ica t ions  of t h e  o v e r a l l  growth capabilitg af the. 

system, t h e  a b i l i t y  t o  accommodate new funct ions,  e t c .  Because l i t t le 
ana lys is  i n  t h i s  a r ea  r e l a t i v e  t o  CCATS could be accomplished with &i-.-. 
dence a t  t h i s  t i m e  and because t h e  expenditure of e f f o r t  t o  pursue this 
area f o r  t h e  ex i s t ing  system did no t  appear..warranted, no such analysis was 
undertaken. It  i s  recommended t h a t  such an .analy sis ... he cmsidered  .as. _. ~ 

soon %LS s u f f i c i e n t  CCATS design information becomes m a i l a b l e .  

The Time Homoweneits.Issue 

In a da t a  processing and transmissioa.system where a cyc l i c  o r  
commutative scheme i s  used t o  sample data sesiallp, t h e  time homageneity 

o f  a given parametric da ta  sample i s  a1May.s .of concern. 

techniques a re  i n t e g r a l  t o  t he  network design, t ima homogeneity w i l l  be 

an i s sue  with CCATS. 

delays associated with TLM da ta  handling i s  closely r e l a t e d  t o  t h e  data 

time homogeneity problem and t h e  information developed will..be. useful-in 
studying da ta  homogeneity problems. 

t he  communications system as r e l a t e d  t o  CCATS design should be considered. 

Since commutative 

The analysis  o f  t h e  c y c l e s y n c  parltion of  t he  t i m e  

Analysis of  this ckLar.act,eri&c of 
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SECTION I11 

EFFECTIVENESS ANALYSIS 

ANALYSIS OF 1NHERF;NT MDCS AND PCM TELEMETRY LIMITATIONS AND 
CCATS LIMITATIONS 

Spec i f i c  Objectives 

NALCGOU 

If one i s  wi l l ing  t o  accept t h i s  au tho r ' s  coining o f  the  t e r m  

"operat ional  parameter" t o  r e f e r  t o  c a p a b i l i t i e s  of t he  system having 

d i r e c t  operat ional  s ign i f icance ,  t h e  spec i f i c  object ive of  t h i s  port ion 

o f  the  ana lys i s  may be s t a t e d  a s  fo l lows :  

To provide a comparative ana lys i s ,  f o r  each of 

severa l  se lec ted  operat ional  parameters r e l a t e d  

t o  command and telemetry da ta  handling, of the  

MCCH system l i m i t a t i o n s  associated both with the  

ex i s t ing  subsystems and with the  CGATS configuration. 

I t  should be noted t h a t  the  term " l imi t a t ionn  does not necessar i ly  

connote inadequacy. 

Supportinfr Technical Information 

Selected technica l  information o f  a descr ip t ive  nature  i s  provided 

i n  t h i s  subparagraph on the  bas i s  t h a t  t he  assumed general  l e v e l  o f  

system understanding may not be adequate t o  permit a meaningful under- 

standing o f  the  ana lys i s  r e s u l t s .  

MDCS Memory Sector  Organization 

Basic t o  an understanding o f  MDCS operation i s  the  concept of 

a 1024-word memory divided i n t o  ten  p a r t s ,  designated "sectors" ,  each 

of which may be considered f ixed  i n  terms of  i t s  length (number of  words) 

and i t s  loca t ion  within the  t o t a l  memory. 

not s ens i t i ve  t o  t h e  de t a i l ed  c h a r a c t e r i s t i c s  of  t h e  commands employed 

f o r  G E M I N I ,  t h i s  hardware does r equ i r e  t h a t  only one word of memory be 

used f o r  a s ingle  command. 

Although the  

I n  addi t ion ,  e i g h t  of the  t en  sec to r s  p 
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i n i t i a t i o n  of t h e i r  contents  f o r  transmission t o  be control led by 

F l igh t  Control ler  (FC) console modules: two of these permit s e l ec t ive  

i n i t i a t i o n  on a per word bas is ,  (present ly  devoted t o  RTC s torage)  s ix  

of t hese  requi re  t h a t  t h e  contents of t he  e n t i r e  sec tor  be t ransmit ted 

i n  response t o  a s ing le  FC i n i t i a t i o n  ac t ion  (command loads) .  I n  terms 

of t h e  co r re l a t ion  between sec to r s  and command sites, each command s i t e  

( including only real-time s i t e s  as re levant  t o  F l igh t  Control ler  command 

i n i t i a t i o n  c a p a b i l i t i e s )  i s  associated i n  a f ixed  manner with a se t  of 

Communication Processor i n t e r f a c e  hardware known as a Transmit Subsystem 

which, i n  tu rn ,  may transmit da t a  from only two command load sec to r s  and 

from e i t h e r  o f  t h e  two sec to r s  permit t ing s e l e c t i v e  command i n i t i a t i o n .  

CCATS Command Processing Concept 

Controll ing the  nature  of CCATS command processing i s  the  over- 

a l l  &pollo command concept which has  two bas ic  i n t e r r e l a t e d  character-  

i s t i c s :  s torage pre-pass o r  pre-mission of command da ta  ( ind iv idua l  com- 

mands o r  loads)  i n  a Remote S i t e  Command Processor (RSCP) and MCCH cont ro l  

of command l1uplinkingI1 by i n i t i a t i n g  transmission, r a t h e r  than of t he  ac- 

t u a l  command da ta  of i n t e r e s t ,  o f  an I1executer1 message which s p e c i f i c a l l y  

designates  the  command da ta  t o  be up-linked from the  RSCP. 

of an "execute" message i s  achieved by a FC using a 6 x 3 matrix of Push- 

Button Ind ica to r s  (PBI's)  known as a Command Panel,  each PBI on a given 

panel being associated with a p a r t i c u l a r  I1executel1 message. 

Transmission 

I n  terms of CCATS software implementation, t h e  capab i l i t y  t o  

a s soc ia t e  each PBI on each panel with a unique command i s  provided i n  

t h e  form of an "execute tab le"  f o r  each command panel with a separa te  

one word en t ry  f o r  each PBI. Each e n t r y  i n  an Ifexecutive table" ,  r a t h e r  

than being s e n s i t i v e  i n  a f ixed  manner t o  t h e  type of command da ta ,  t h e  

s i t e ,  o r  vehicle  with which it i s  associated,  may be viewed as a program- 

mable set  of  address b i t s  associated on. a mission-by-mission b a s i s  with 

t h e  loca t ion  of pre-stored command da ta  a t  t he  RSCP. 

10 



PCM Telemetry Ground Station Characteristics 

Little need be said about the ground stations for purposes 

of this analysis once it is recognized that this device must be viewed 
as a special-purpose stored program processor whose storage capacity, 
instruction repertoire and structure, register capabilities, display 
device interface hardware, etc. are specifically tailored to GEMINI 
program requirements. 

CCATS Telmetrg Decommutation Concept 

The first step in decomtation is synchronizing to an in- 
coming data stream at both Main Frame (MF) and Subframe levels. 
Frame synchronization is accomplished by the hardware or software rec- 
ognition of specified bit patterns, 
complished by software interpretation of "frame countsI1 within the MF 

content to determine which cycle of the MF is being received. 
cycles as defined herein are equivalent to the number of MF transmis- 
sions required to describe the status of all telemetry parameters in- 
cluded within the format being received. The actual number of such 
transmissions is equal to the maximum subcommutation depth or ratio 
from a MF viewpoint,) 

Main 

Subframe synchronization is ac- 

(MF 

The next step in decommutation is the routing of telemetry 
data to specified destinations on a parameter-by-parameter basis. This 
is achieved by table look-up. 
be associated with a set of decommutation tables. 
viewed as IrN" tables where "NI1 is equal to the maximum subcommutation 
ratio and where each table consists of a single entry per parameter 
location within the format which designates the intended destination 
of that parameter. 

In particular, each mission format may 
Each such set may be 

A11 sets of decommutation tables, one set per format, are 
stored on drum and are used as follows: once synchronization at the 

11 



subframe level has been accomplished, the particular decommutation 
table within the appropriate format set is addressed based on the 
frame count. This particular table is then read from drum into a 
core working area. From this point on, parameter routing occurs 
parameter-by-parameter on a table look-up basis. 

CCATS Telemetry Display Driving 

The CCATS configuration uses the existing PCM Ground Stations 
to provide display driving capability without fully employing the pro- 
grammed decommutation feature of these devices. Specifically, the CCATS 
processor feeds decommutated telemetry data in serial bit stream form to 
the ground stations in a sequence which, when combined with a Itfixed" 
ground station data routing program, results in the proper display des- 
tination for up to 125 events and 100 analogs. 
driving capability is achieved by interfacing CCATS with a set of 
Digital Display Drivers (DDDls). 

Additional CCATS event 

Presentation and Discussion of Results 

Results of this portion of the analysis are presented in Table 2-1. 

A discussion of these follows. 

$ources of pata for Analysis 

Various NASA system documentation and the MITRE descriptive 
diagrams resulting from Task AI were consulted, the latter only as 
related to the existing system. 

Comments to Clarify Presentation (See Table 2-1) 

Indications of system characteristics for each operational 
parameter are limited to those characteristics considered primary in 
terms of limiting or constraining this parameter. In addition, lim- 
itations of the existing system, rather than being stated in GEMINI 
terminology, have been generalized to indicate such limitations in a 
basic form as inherent to the subsystem hardware or software. 

12 
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The d i s t i n c t i o n  between the  "Presently Specified Require- 

ments" and the  Wpper L i m i t "  e n t r i e s  i n  the  CCATS column i s  considered 

s ign i f i can t .  

t h a t ,  once these requirements have been implemented i n  the operat ional  

The former a re  considered l i m i t a t i o n s  only i n  the  sense 

CCATS software package, any s ign i f i can t  modification t o  these may re- 

s u l t  i n  a s ign i f i can t  software redesign e f f o r t ,  (The obvious impor- 

tance o f  carefu l  and fa rs ighted  requirements spec i f ica t ion  i s  hereby 

noted ) 

The !'Upper Limit" e n t r i e s ,  on t h e  other  hand, a r e  intended 

t o  r e f l e c t  l i m i t a t i o n s  which i n  a sense a r e  o f  a more inherent  nature  

than those associated with t h e  implementation o f  spec i f i c  quan t i t a t ive  

requirements. Once a general  software design approach has been defined 

f o r  accomplishing a p a r t i c u l a r  function, an Wpper L i m i t "  may genera l ly  

be derived f r o m  a knowledge of t h a t  aspect of  system capaci ty  (com- 

puting capaci ty ,  s torage capaci ty)  upon which t h e  se lec ted  approach 

places  t h e  g rea t e s t  demands. 

q u a n t i t a t i v e  statement o f  func t iona l  requirements 

defined herein a r e  themselves not quant i f iab le  i n  a d i r e c t  manner; 

quan t i f i ca t ion  of  such cons t r a in t s  must consider the  sometimes complex 

in t e rac t ion  between the  various funct ions which place demands on the  

same aspect  o f  system capacity.  

Table 2-1 because these  must be understood i n  support of any e f f o r t  

t o  p red ic t  the irppact of  f u t u r e  requirements;i .e. ,  the  degree t o  which 

these cons t r a in t s  a r e  approached determines t h e  system's capaci ty  f o r  

growth 

I 

Because they a r e  independent of  a 

VJpper L i m i t s t t  a s  

Such cons t r a in t s  a r e  indicated i n  

Discussion of  Resul ts  

Table 2-1 c e r t a i n l y  confirms t h a t  c e r t a i n  requirements 

spec i f ied  f o r  CCATS i n  support of Apollo preclude the  use  of t h e  

ex i s t ing  PCM TLM and MDCS Subsystems. 

ac t e r i zed  a s  having c a p a b i l i t i e s  equal t o  o r  g rea t e r  than those of 

CCATS may be general ly  char- 
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the existing system for the areas analyzed. It is interesting, as an 
exception to this general statement, to note that some loss of flexi- 
bility in terms of accommodating TLM formats with varying character- 
istics is apparently associated with the transition to CCATS. This 
loss of flexibility, however, may most reasonably be interpreted as 
a reflection of the fact that TLM format characteristics have been 
better defined for CCATS than evidently was possible for GEMINI at the 
time of PCM Ground Station specification. 

Perusal of the entries in the CCATS column leadgas an ex- 
pected consequence in the distinction between llPresently Specified 
Requirements11 and 'Vpper Limits" for%his type of system, to the gen- 
eral observation that the utilization of storage and computing capacity 
are of primary interest relative to the systems ability to accommodate 
additional requirements. 

- Conclusions and Recommendations 

In addition to the above presentation and discussion of analysis 
results as significant in their own right, a single general conclusion 
may be derived from this portion of the analysis. Simply stated, this 
conclusion is that the transition from the existing TLM and command 
subsystems (viewed as consisting of special-purpose hardware/software 
with limited capability by design) to a combination of a general- 
purpose, relativeay large-scale processing configuration and a multi- 
function software package greatly increases the complexity associated 
with quantifying, or even understanding, the basic limitations of the 
system. (This is not to say that this 'Iprice1l should not be paid.) 

Combining the above conclusion with a recognition of the impor- 
tance of Understanding and quantifying system limitations in an environ- 
ment characterized by continual and somewhat unpredictable require- 
ments changes, the previous recommendation that usage of storage 
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capacity be analyzed i s  reconfirmed and the  addi t iona l  recommendation t h a t  

computing capacity usage be analyzed as w e l l  i s  suggested. 

l a t t e r  recommendation i s  developed and discussed i n  more s p e c i f i c  t.erms 

elsewhere, no f u r t h e r  comment i s  warranted at  t h i s  point.  

Because this 

TELEMETRY DATA H M D L I N G  ANALYSIS 

Spec i f ic  Objectives 

The Spec i f ic  Objectives o f  t h i s  port ion o f  t h e  ana lys i s  a r e . a  

fu r the r  spec i f i ca t ion  of  t he  general  ob jec t ive  t o  analyze s ign i f i can t  

performance cha rac t e r i s t i c s  o f  t h e  ex i s t ing  system. 

question form: 

. 

These a r e . l i s t e d  i n  

I ,  How current  i s  the  telemetry da ta  being displayed 

within t h e  MCCH? (For purposes o f  t h i s  analysis., 

t h i s  question has been addressed i n  terms of "To 

what time delays a re  telemetry parameters subjected 

during transmission from a vehicle  t o  an MCCH dis- 

play device?") 

2. For parameters whose h i s to ry  a s  wel l  as t h e  current  

value is of  i n t e r e s t ,  how well  does t h e  t rend  da ta  

displayed represent  ac tua l  parameter h i s tory?  

(From a d isp lay  device point  o f  view, t h i s  question 

i s  associated only with those parameters appearing 

on a char t  recorder display;  o ther  display device 

types - analog meters,  event i nd ica to r s ,  and TV 

displays - support only an i n t e r e s t  i n  t he  current 

parameter value. Note t h a t  these statements i n t e n t  

t i o n a l l y  overlook TV t rend  displays because of  t h e  

r e l a t i v e l y  gross time sca les  involved i n  displaying 

TLM t rends v i a  t h i s  media.) 

3 .  What a re  t h e  t o t a l  vehicle-to-display time delays 

associated with d i r e c t l y  driven TLM displays (.via 

t h e  PCM Ground S t a t i o n s )  as compared t o  computer- 

driven displays v i a  t h e  RTCC? (For purposes o f  

19 



t h i s  ana lys i s ,  d i rec tJy  dr iven d isp lays  include 

analog meters, char t  recorders  and event ind i -  

ca to r s  i n  terms of  display devices.  Computer- 

dr iven d isp lays  include both event i nd ica to r s  

and various types o f  TV displays where these  

types a r e  defined generaxly enough t o  include, 

f o r  example, the  r e s u l t s  o f  l i m i t  sensing by the 

RTCC regard less  o f  whether a d isp lay  a c t u a l l y  

r e s u l t s  ) 

4. To what ex ten t  does the  MCCH contr ibute  t o  the 

t o t a l  vehicle-to-display time delay i n  the  cases 

both of  d i r e c t l y  driven and computer-driven 

d isp lays?  

5. What i s  t h e  e f f e c t  on vehicle-to-display time 

delays o f  increasing the  vehicle-to-remote s i t e  

and remote site-to-MCCH sampling r a t e s ?  

i n  t h i s  question i s  derived f r o m  t h e  observation 

t h a t ,  except i n  the case of parameters associated 

with t rend displays (char t  recorders ) ,  higher 

sampling r a t e s  ex terna l  t o  the MCCH o f f e r  oper- 

a t i o n a l  advantages only i n  terms o f  po ten t i a l ly  

s i g n i f i c a n t  time delay reduct ions.  Because the  

accommodation of  higher sampling r a t e s  within the  

MCCH must be equated w i t h  some l1costfI i n  terms of  

using MCCH da ta  handling capacity,  the meri ts  o f  

such higher r a t e s  a re  addressed v i a  t h i s  quest ion.)  

Based on the  above, Questions 1 and 2 may be associated wi th  

( I n t e r e s t  

analyzing performance from+an operat ional  viewpoint while Questions 

3 and 5 may be associated with such ana lys i s  f r o m  an engineering 
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viewpoint. It  i s  s i g n i f i c a n t  t o  note t h a t  the  or ien ta t ion  of these two 

general  viewpoints has been s a t i s f i e d  by presenting the  same bas ic  da ta  

i n  d i f f e r e n t  forms f o r  i n t e rp re t a t ion .  

Objectives s p e c i f i c a l l y  r e l a t e d  t o  CCATS a r e  not considered f o r  

t h i s  port ion of  the  ana lys i s  although the a p p l i c a b i l i t y  of t h i s  and 

s imi la r  analyses t o  CCATS i s  commented upon i n  subsequent paragraphs. 

Note a l so  t h a t ,  due t o  l imi ted  MCCH r e s p o n s i b i l i t y  r e l a t i v e  t o  cont ro l  

and monitoring o f  the  Ti tan vehicle ,  only GEMIN'I and AGXNA da ta  has 

been considered. 

Presentat ion and Discussion of  Results 

Sources of  Datafor Analysis 

The s p e c i f i c  r e s u l t s  presented herein a re  appl icable  t o  the  

G E M I N I  V I 1 1  mission and have been derived by a parameter-by-parameter 

study using the GEMINI  V I 1 1  FCDAB (Revision C) and the  GTA-8 Telemetry 

Data Format Control Handbook as primary da ta  sources. 

t h a t  &ch an extensive ana lys i s  involved G E M I N I  V I I I ,  

unique i n t e r e s t  i n  t h i s  pa r t i cu la r  mission, but because t h i s  mission 

may be considered representa t ive  o f  GEMTNI missions i n  general .  

c lusions and recommendations, therefore ,  a r e  not i d e n t i f i e d  i n  the  f o l -  

lowing paragraphs a s  uniquely associated with G E N I N I  V I I I ;  these a r e  

considered a s  appl icable  t o  GEMTNI as a t o t a l  program unless  otherwise 

noted, Further comments appear below r e l a t i v e  t o  the a p p l i c a b i l i t y  o f  

It i s  emphasized 

because of  a 

Con- 

de t a i l ed  quan t i t a t ive  r e s u l t s  t o  other  than G E M I N I  V I I I ,  

Comments on Presentat ion of Results 

Figures 2-1 through 2-7 present the  r e s u l t s  of t h i s  

ana lys i s ,  Basic t o  t h e  information presented i n  these f igu res  i s  the  

d i s t i n c t i o n  between "Mechanization Delays" and Wycle Sync Delays" a s  

defined here in  
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Mechanization delays a r e  associated with the  amount of  

time required by the  hardware and/or software comprising each te lemetry 

da ta  handling s tage t o  perform the  funct ions assigned t o  t h a t  stage.  

I n  the case of  a s tage consis t ing purely of  hardware (example, da ta  

modem) or consis t ing of a combination of  hardware and software devoted 

wholely t o  telemetry funct ions (example 

mechanization delay i s  o f  a r e l a t i v e l y  f ixed  na ture ,  

s tage  consis t ing of a hardware/software combination f o r  which t e l e -  

metry processing i s  only a port ion of an overa l l  t a s k ,  (example, RTCC) 

the  mechanization delay i s  o f  a var iab le  nature  dependent on the  pro- 

cessing demands associated with other than TLM funct ions;  an average 

o r  worst-case delay,  however, may general ly  be estimated. 

PCM Ground Sta t ion)  , t h e  

I n  the  case of a 

Cycle sync delays have been dis t inguished from mechani- 

za t ion  delays because, r a the r  than being inherent ly  associated with a 

p a r t i c u l a r  configurat ion of da t a  handling hardware/software these  a r e  

i n  a sense ttcontrollable. ' l  I n  p a r t i c u l a r ,  cycle sync delays a r e  those 

which a r e  a d i r e c t  consequence of the  parameter sampling r a t e s  speci-  

f i e d  o r  o f  the  per iodic  nature  of  a TLM processing cycle (examples, 

Buffer/Formatter and RTCC) charac te r iz ing  ce r t a in  TLM da ta  handling 

s tages .  Transmission of  TLM da ta  between successive da ta  handling 

s tages  i s  of  cyc l i c ,  r e p e t i t i v e  nature .  Cycle sync delays e x i s t  

because the  input  cycle  r e l a t i v e  t o  a given s tage i s  asynchronous 

w i t h  the  output cycle from t h a t  s tage ,  This means t h a t  the  time 

durat ion between the  r ece ip t  of  a parameter value a t  the  input  t o  a 

s tage  and the  output of the  same parameter from t h a t  s tage i s  not  f ixed.  

I n  the wors t  case, t h i s  durat ion w i l l  be equal t o  the  output cycle 

period (a processing cycle i n  some cases ,  

period i s  determined on a parameter-by-parameter bas i s  by the  des i red  

sampling r a t e  i n  other  cases) On t h e  average, t h i s  durat ion w i l l  be 

equal t o  one-half of the  output cycle period, These durat ions a r e  

defined here in  as Cycle Sync Delays w i t h  average values being employed 

a commutation cycle whose 
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unless  otherwise noted. 

are i n  a sense ~ ~ c o n t r o l l a b l e r l ,  the  implication of t h i s  discussion i s  

t h a t  these are determined d i r e c t l y  by per  parameter sample r a t e  speci- 

f i c a t i o n s  o r  by the  spec i f ica t ion  of f ixed  period processing cycles 

within a device. It i s  recognized, of course, t h a t  the  p rac t i ca l  

degree t o  which such delays a re  "control lable"  i s  l imited by mqny 

f a c t o r s  ex terna l  t o  t he  MCCH including TLM format design cons t ra in ts  

and the  cha rac t e r i s t i c s  o f  t h e  on-board TLM communication system. 

Returning t o  the  idea  t h a t  cycle sync delays 

Concerning the spec i f i c  quant i f ica t ion  of both mechani- 

za t ion  and Cycle Sync Delays, each delay type (when appl icable)  i s  

presented fo r  each TLM da ta  handling s tage i n  Figure 2-1. 

may be consulted f o r  a descr ipt ion of t he  assumptions, ca lcu la t ions ,  

e t c . ,  associated with the der iva t ion  o f  the values continued I n  

Figure 2-1. 

Appendix B 

No conceptual complexity i s  required t o  consider the  

degree t o  which char t  recorder displays represent  ac tua l  parameter 

h i s tory .  

site-to-MCCH sampling r a t e  when viewed a s  t h e  "data update" ra te  i n t o  

the  PCM Ground which, i n  tu rn ,  i s  preserved by the  ground s t a t i o n  f o r  

d i r e c t  output t o  a char t  recorder.  

This i s sue  may be considered d i r e c t l y  i n  terms o f  t he  remote 

Any f u r t h e r  comments required t o  c l a r i f y  the  da t a  

presentat ion are included within the  following discussion of resu l t s .  

Discussion 9nd Summarization of Results 

1 .  How current  i s  the  telemetry da ta  being displayed within 

t h e  MCCH? 

Figures 2-2, 2-3, and 2-4 present the  analysis  r e s u l t s  re- 

l a t i v e  t o  t h i s  object ive.  

components are indicated f o r  each vehicle sampling r a t e .  

ca t ion  of the cycle sync component being included t o  graphical ly  

Both t o t a l  delays and t h e i r  cycle sync 

The indi-  
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i l l u s t r a t e  the s ign i f icance  o f  t h i s  component r e l a t i v e  t o  t o t a l  delays.  

dlthough the  t o t a l  delay associated with a given parameter may be de- 

pendent upon the  type o f  s i t e  - high-speed o r  wide-band - processing 

the  da ta  a t  any given time, it was determined t h a t  the  worst-case 

delay for each type of  s i t e  must be considered most meaningful from 

an operat ional  viewpoint. A s  a r e s u l t ,  the  worst-case remote s i t e  

delay f o r  each parameter i s  r e f l e c t e d  i n  a l l  of the  three  f igu res .  

(Not t o  be confused with the worst-case delay achieved by using the  

maximum other  than the  average cycle sync delay.)  

case s i t e  delay i s  general ly  associated with the  high-speed s i t e s  a s  a 

consequence of l e s s e r  remote site-to-MCCH sampling r a t e s ;  exceptions 

occur when sampling r a t e s  a re  high enough t h a t  cycle-sync delay d i f -  

ferences a re  outweighed by the  g rea t e r  mechanization delay associated 

w i t h  Cape Kennedy da ta .  

Note t h a t  the  wors t -  

The technique of presenting t o t a l  delays on a per vehicle  

sampling r a t e  bas i s  r a the r  than presenting a d i s t r i b u t i o n  of delays 

over a l l  parameters independent of t h e i r  vehicle  r a t e s  has been 

se lec ted  on the  following bas is :  the  vehicle  sampling period i s  a 

r e f l e c t i o n  o f  a decis ion (perhaps not e x p l i c i t )  concerning the  

c r i t i c a l i t y  of  each parameter f rom a time delay point  o f  view. 

lower l i m i t  i s  placed on the average time delay f o r  a parameter once 

a vehicle  sampling r a t e  i s  es tab l i shed  (and again when the remote- 

site-to-MCCH r a t e  i s  spec i f i ed ) .  

with the  vehicle  sample period, therefore ,  i s  considered use fu l  from 

an operat ional  viewpoint. The parameter t o t a l s  and subto ta l s  f o r  each 

type o f  d i sp lay  device have been provided t o  permit any operat ional  

value judgments generated by NASA t o  I1weightl1 the  various bars on a 

quan t i t a t ive  bas i s .  

A 

A comparison of  the  t o t a l  delay 
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Relative t o  the  appl bi1it.y o f  the  GEKCNI VI11 data i n  

Figures 2-2 through 2-4 t o  GEMINI missfons i n  general ,  it m"ight be 

commented t h a t  only the  cycle 

considered a s  a mission var iab le .  This i s  detm-mined 

a t ions  of vehicle  and remote site-to-MCGH (known as G/G o r  ground--bo- 

ground r a t e  from t h i s  point on) sampling r a t e s  selected.  

however, these  combinations a r e  re1at;ively con 

I n  addi t ion ,  the  number of  parameters associated with each time delay 

and, i n  tu rn ,  with each vehicle  and G/G sample r a t e  co 

a l s o  a mission var iab le .  I n  t h i s  cw,~? ,  *he, var ion i s  r e a l ,  but 

would not  be expected t o  be o f  such Q magnitude t o  s ign5f icant ly  alter. 
t he  r e l a t i v e  weighsng 

portion of the  t 

t 

I n  p rac t i ce ,  

f o r  a l l  missi  

01' differeris time delay resul ts .  

The above discussion i s  in sens i t i ve  t o  the  d i s t i n c t i o n  be- 
i '  

a 

tween computer-driven and d i r e c t l y -  ven diaplays.  Considering 

d i s t i n c t i o n  and recognizing the v a l i d i t y  of expressing ranges of t o t a l  

delays r a t h e r  than somewhat a r t i f i c i a l  acrbsS-the- 

pe r t inen t  f igures  may be compiled as follows: 
ard averages, 

For GEMINI: 
Range of delays f o r  d i r e c t l y  
dr iven d isp lays  0.3 1 6-2 494. seconds 

Range of delays f o r  computer- 
dr iven d isp lays  1.958-4.213 seconds 

-- 

For AGXNA.: 

Range of delays f o r  d i r e c t l y  
dr iven d isp lays  0.135-1.556 seconds 

Range of delays f o r  computer- 
dr iven d isp lays  1.954-3.375 seconds 



Note t h a t  f o r  values a t  the  extreme upper end of  each of  

these ranges,  t he  cycle  sync component cons t i t u t e s  between approxi- 

mately 74 and 97 percent o f  t he  t o t a l  time delay, an ind ica t ion  of 

the  r e l a t i v e l y  l a rge  cycle sync components a t  the  lower range of  

sampling r a t e s .  

delays may be crudely assessed by viewing the  general  pa t te rn  of  

duction i n  t o t a l  delays a s  t h e  vehicle  sample r a t e  increases .  

t i ons  t o  t h i s  pa t t e rn  e x i s t  because an increase i n  the  vehicle  sampling 

r a t e  may o r  may not  be associated with an increase i n  t he  G/G r a t e .  

The r e l a t ionsh ip  between sampling r a t e s  and t o t a l  

re-  

Excep- 

Because the  object ive of descr ibing the  time delays associ-  

a ted  with TLM d isp lay  da ta  i s  considered t o  be s a t i s f i e d  pr imari ly  by 

Figures 2-2 through 2-4, quan t i t a t ive  manipulation o r  summarization of 

da ta  other  than presented above i s  n o t  included i n  t h i s  repor t ;  other 

i n t e rp re t a t ions  of t h e  r e s u l t s  i n  support of spec i f i c  i n t e r e s t s  should 

be e a s i l y  der ivable  once the  da ta  i s  understood. 

2 .  How well  does the  trend da ta  displayed (on chart  

recorders )  r e p r e s e n t a c t u a l  parameter h i s tory?  

Figure 2-5 cons i s t s  of  a straightforward tabula t ion  of  the 

number o f  parameters "updated1! on chart  recorder displays a t  each of  

severa l  r a t e s .  Parameter q u a n t i t i e s  again permit "weightingtf of  the  

operat ional  s ign i f icance  o f  t he  da ta  presented. It  i s  i n t e r e s t i n g  t o  

note  t h a t  char t  recorder  da t a ,  r a the r  than being associated pr imari ly  

with high sample r a t e  da ta ,  involves a wide range of  sample r a t e s  with 

the  g rea t e s t  number of parameters updated a t  low sample r a t e s .  

The more de t a i l ed  supporting information provided i n  Figure 

2-5 under t h e  heading, "For Each CR Sample Rate" i s  of secondary 

importance, t h i s  da ta  i s  not required t o  support  the  primary object ive 

o f  t h i s  char t .  

question8 r e l a t ed  t o  telemetry da ta  handling which might be o f  l e g i t i -  

mate i n t e r e s t  i n  a more comprehensive ana lys i s .  

Such da ta  i s  provided, however, t o  i nd ica t e  types of  

By observing the 
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d i f f e r e n t  vehicle  r a t e s  associated with the  same char t  recorder sample 

r a t e ,  f o r  instance,  the  question i s  r a i sed  of the  need f o r  these  

various combinations ( f i v e  d i f f e r e n t  AGENA vehicle  r a t e s  r e s u l t  i n  the  

same cha r t  recorder sample r a t e  of  1 SPS) i n  cases where the  d i f f e r e n t  
' vehialh r a t e s  may ~ f i  be in te rpre ted  as c l e a r l y  associated with d i f -  

f e ren t  time delay requirements ( the  only va l id  operat ional  Peason f o r  

requi r ing  d i f f e r e n t  vehicle  r a t e s ) .  A s  another example, a comparison 

of  the  CR (chart  recorder)  sample r a t e s  associated with r ece ip t  f r o m  

a high-speed s i t e  with the  r a t e s  f o r  t he  same parameters when being 

received from Cape Kennedy ind ica t e s  t h a t  only seven o f  f i f t y -e igh t  

non-biomedical parameters a r e  ffupdated'f on a char t  recorder d i sp lay  

a t  the same r a t e  regard less  o f  t he  s i t e  source: why requi re  a higher 

sampling r a t e  f rom Cape Kennedy? 

such questions may l i e  i n  a f u l l  understanding (not possessed by t h i s  

author) of the  G/G format design cons t r a in t s ,  the nature  o f  t he  on- 

board commutation hardware, e t c .  The existence o f  such p o t e n t i a l l y  

use fu l  a reas  of inves t iga t ion  i s  considered, however, t o  be worthy o f  

note as a byproduct o f  t h i s  ana lys i s .  

It i s  recognized t h a t  the answers t o  

3. What a r e  the  comparative time delays associated with 

d i r e c t l y  driven vs'. computer-dr,iven displays? 

Addressing t h i s  question involves only a straightforward 

comparison o f  Figure 2-28 with 2-2B o r  Figure 2-3 with 2-4 depending 

upon the  vehicle  of  i n t e r e s t .  

s p e c i f i c  quan t i t a t ive  comparisons a r e  meaningful only when involving 

delays f o r  d i r e c t l y  driven and computer-driven d isp lays  which include 

the  same externa l  cycle sync delay component. This component, a 

d i r e c t  funct ion of the  combination of  vehicle  and G/G sample r a t e s ,  

It must be cautioned, however, t h a t  

must be maintained constant f o r  both 'Isidesf1 o f  each individual  com- 

parison t o  produce a r e s u l t  which includes only  those time delay d i f -  

ferences uniquely associated wi th  the d i f fe rence  between the computer- 

dr iven and d i r e c t l y  driven d isp lay  processing s tages  i n t e r n a l  t o  the  

MCCH e 
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The process of determining those t o t a l  delays permitt ing 

leg i t imate  comparison by v i r tue  o f  i d e n t i c a l  external cycle sync com- 

ponents i s ,  of course, not  required i f  i n t e r e s t  i s  only i n  the  absolute 

value of t he  d i f f e r e n t i a l ,  

i s  simply t h e  d i f fe rence  between the t o t a l  MCCH t i m e  delay component 

(1.821 seconds) f o r  computer driven displays and the  t o t a l  MCCH t i m e  

delay component f o r  d i r e c t l y  driven displays (0 ,002 seccnds), For a 

few representat ive combinations o f  vehicle and G/G da ta  sampling ra tes ,  

expressing t h i s  d i f f e r e n t i a l  as a percentage o f  t h e  t o t a l  t i m e  delay 

f o r  computer driven d isp lays  gives the  following r e su l t s :  

- 2. . .e 
This i s  a constant o f  1.819 seconds which 

&or GEMIS 

Vehicle S g S  G , L u E ? .  -- Percent of Total  Del= 

0.42 0.42 42 

1.2 1.2 52 
IO 1.2 7% 
10 10 90 

For AGENA --- 
VAic le  SPS G/G SPS Percent of Total  Delay 

1 0 0 5  54 
2 1 .o 69 

16 00 5 
32 1 .o 

63 
76 

48 48,O 93 
96 2.0 86 

* 

The vehicle and G/G sampling r a t e  combination of 0,42/0,42 SPS 

f o r  G E X U J I  r e s u l t s  i n  the  maximum value f o r  cycle sync t i m e  delays ex- 

t e r n a l  t o  the  MCCH, This case, therefor ,  minimizes the  percentage d i f -  

f e r e n t i a l  of t i m e  delays along the  two d isp lay  paths o f  i n t e r e s t ,  

minimum d i f f e r e n t i a l  i s  42% of the t o t a l  computer dr iven time delay f o r  

the  data  sample rates cur ren t ly  used i n  GEKUJI  missions. 

The 
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4Q To what extend does the MCCH contr ibute  t o  t h e  t o t a l -  

vehicle-to-display t i m e  delays i n  the cases of both d i r e c t l y  dr iven 

and compu ter-driven displays? 
- 

Ffgbges 2-2 through 2-5 must again be consulted. I n  t h i s  

case,  however, the  per t inent  f ea tu re  of these f igu res  i s  t h e  ind ica t ion  

of t h e  t i m e  delay components a t t r i b u t a b l e  t o  the  MCCH. I n  the  case o f  

d i r e c t l y  dr iven d isp lays ,  t he  answer t o  the  question of  i n t e r e s t  i s  as 

s t a t ed  on t h e  figures themselves: t he  MCCH component of the to ta l -de-  

l a y s  i s  e s s e n t i a l l y  negl ig ib le .  Such a r e s u l t  i s  as would be expected 

based on an understanding of the  MCCH da t a  handling devices involved i n  

processing TLM da ta  f o r  d i r e c t l y  dr iven d isp lay  use ,  

The case of the  MCCH contr ibut ion t o  t o t a l  delays f o r  computer- 

dr iven displays i s  fa r  d i f f e r e n t ,  but again i s  what would be expected as 

a function o f  t he  MGCH da t a  handling s tages  involved. 

2-4 i l l u s t r a t e  gnaphically t h a t  t he  t o t a l  MCCH delay component i n  t h i s  

case comprises a lower l i m i t  of 10821 seconds (noted above i n  a d i f f e r -  

ent  contex t ) ,  Without belaboring the manipulation o f  numbers involved, 

two s ign i f i can t  cases may be iden t i f i ed  a s  follows: 

Figures 2-2B and 

The MCCH component of t o t a l  delays r e l a t ed  t o  computer-driven 

displays cons t i t u t e s  - 

For G'EMINI ,  

For AGEIIA, 

a minimum of @*2,% of the  t o t a l  delay 

a minimum o f  54.0% of t h e  t o t a l  delay 

(minimum percentage = percantage of g rea t e s t  
t o t a l  delay indicated)  



Note t h a t  Figure 2-2B and 2-4 ind ica t e  the  1 .0  second cycle 

sync component of the  t o t a l  MCCH delay a s  well  as the  MCCH t o t a l  i t s e l f .  

If one were t o  conclude t h a t  a reduction of  the  t o t a l  MCCH delay was 

required t o  s a t i s f y  operat ional  requirements, t h i s  fu r the r  breakdown 

o f  the  t o t a l  delay would be o f  i n t e r e s t  t o  i nd ica t e  the  p o t e n t i a l l y  

most f r u i t f u l  a reas  f o r  achieving reduction. 

CS delay components a r e  near ly  equal and a fu r the r  breakdown i s  required 

a s  fo l lows  based on Figure 2-1, 

I n  t h i s  case, t h e  MD and 

Mechanization 
MCCH S w  Delay Cycle Sync Delay s o t a l  Stage Delay 

Buff er/Format t e r  0.002 sec. 0.500 sec. 0.502 see. 

Corn. Processor 0,600 

RTCC 0 0 200 

-- 0.600 

0,500 0.700 
-- 0.018 -- -- Display Hardware 0.018 cs 

MD Subtotal  0.820 Subtotal  1 .OOO TOTAL 1.8203t 
3:- 
Unequal t o  1 *82? due only t o  rounding p r i o r  t o  t o t a l i n g  i n  th i s  case. 

Implicat ions o f  t h i s  breakdown are  t h a t  p a r t i c u l a r  a reas  might be consid- 

ered f i r s t  i n  achieving the  delay reduction goal hypothesized above: 

Communication Processor,  Mechanization Delays, B/F and RTCC cycle sync 

delays,  This discussion,  because of the  hypothet ical  nature  of the goal 

assumed and the  i n a p p l i c a b i l i t y  of the  numbers shown t o  CCATS and the  

360/75 environment, i s  i l l u s t r a t i v e  only of  the importanw of under- 

standing the  breakdown o f  a t o t a l  time delay i n  terms o f  t h e  r e l a t i v e  

s ign i f icance  o f  i t s  components 

5. What i s  t h e e f f e c t  on vehicle-to-display time delays o f  

increasing the  vehicle-to-remote s i t e  and remote site-to-MCCH sampling 

r a t e s ?  -- 
The q u a l i t a t i v e  answer t o  t h i s  question i s  known based on the  

previous discussion of cycle sync delays;  t o t a l  delays decrease as 
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sampling r a t e s  increase.  

f rom an operat ional  viewpoint, one might dismiss-any fu r the r  consid- 

e ra t ion  of  the  quest ion with the statement t h a t  sampling r a t e s  should 

always be maximized. Such a statement,  however, ignores the  cos t s  i n  

terms o f  MCCH system processing capaci ty  incurred by handling TLM data  

a t  successively higher sampling r a t e s .  Because the  t rade-offs  between 

processing cos ts  and time delay reductions must be determined i n  sup- 

p o r t  o f  sound design decis ions,  t h i s  study addressed t h a t  port ion of  

such a trade-off ana lys i s  concerned with time delays.  The i n t e n t  i s  

pr imar i ly  t o  i nves t iga t e  and i l l u s t r a t e  an appropriate ana ly t i c  tech- 

nique. 

Because time delay reductions a r e  des i rab le  

The e f f e c t  on time delay reductions has been examined by ex- 

pressing the cycle sync delays incurred ex terna l  t o  the  MCCH ( these  

components may be equated t o  t h e  consequence o f  se lec t ing  vehicle-to- 

remote s i t e  and G/G sample r a t e  combinations) as a percentage of  a l l  

o ther  time delay components. The r e s u l t s ,  then, quant i fy  the ex ten t  

t o  which sampling r a t e s  contr ibute  t o  t o t a l  da ta  delays.  Figures 2-6 

and 2-7 present  these r e s u l t s .  Results f o r  parameters appearing only 

on d i r e c t l y  driven d isp lays  a r e  not included; ex terna l  cycle sync de- 

l a y s  f o r  such cases w i l l  always appear s ign i f i can t  when compared t o  

other  delay comp,onents, a s  a consequence o f  the  small MCCH mechaniza- 

t i o n  delays.  I n  addi t ion ,  parameters which appear on computer-driven 

d isp lays  b u t . a l s o  on char t  recorder  d i sp lays  a r e  not  r e f l e c t e d  i n  the  

r e s u l t s ;  i n  these  cases the  d isp lay  update r a t e  (equal t o  G/G sample 

r a t e )  as well a s  t o t a l  time delays must be considered t o  assess  oper- 

a t i o n a l  s ign i f icance .  Spec i f ica l ly ,  r e s u l t s  show a range o f  1.33% t o  

122,7% descr ibes  the  contr ibut ion of  ex terna l  cycle sync delays t o  

t o t a l  time delays.  

Although no quan t i t a t ive  c r i t e r i o n  i s  known t o  t h i s  author 

f o r  determining operat ional  s ign i f icance ,  a c r i t e r i o n  may be assumed 
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G E M I N I  100% 

CYCLE SYNC DELAY 

EXTERNAL TO MCCH 

AS A 

% OF THE TOTAL 80% 
OF 

ALL OTHER DELAY 

C OMP ONENTS 

60% 
(OTHER COMPONENTS 

= EXTERNAL MD + 
TOTAL MCCH) 

40% 

VB-%&LE SAMPLE RATE 

REMOTE SITE --b MCCH 
SAMPLE RATE 

APPLICABLE S I T E  TYPE 
(For  worst t o t a l  delay)  

TOTAL PARAMETER QTY. 

QTY. EQX ASSOCIATED WITH 
DD DISPLAY 

KEY:  

MD - MECHANIZATION DELAY 
DD - DIFtECTLY-DRIVF2l 

0 0 4 2 S P S  1 .2  I a 2  1 0  10 

0042 1.2 0.42 1 . 2  10 40 
WBD WBD H.S, H.S. WBD WBD 

FIGUFtE 2-6 FOR GEMINI PARAMETERS APPLICABLE T O  COMPUTER-DRIVEN 

DISPLAYS, EXTERNAL CYCLE SYNC DELAYS AS A % OF ALL 

OTHER DELAYS 
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f o r  descr ibing the  appl ica t ion  of r e s u l t s  such as those presented. 

Assume f o r  discussion t h a t  any contr ibut ion of  less than 10% i s  
sidered in s ign i f i can t .  

l eads  t o  the  observation t h a t  @ t o t a l  of four  G m N I  paPamete'Ts 

th ree  AGENA parameters a r e  handled a t  sample rate combWations 

cont r ibu te  an in s ign i f i can t  delay compon 

these  parameters. I n  these cases,  consideration sh6uld be given t o  

handling these parameters a t  lower sample r a t e  co a t ions  a$ long 

as the  c l ip- leve l  o f  10% i s  not  exceeded, 

of  the techniques described involves a par  eP-by-pak"ameter study 

o f  previously spec i f ied  sample rates , ,  

Applying t h i s  c r i t e r i o n  t o  Figures 2-6 'and 2-7 

h 

t o  t he  t o t a l  de 

A more important appl ica t ion  i s  

ground rule f o r  the  spec i f i ca t ion  of  sampling 

may be accomplished by ca lcu la t ing  some percen 

value of t he  sum of  a l l  delays other th-m s m p  

t h e  worst-case version of  these (10% of  1 .E175 f o r  the remlts  presented) .  

The r e s u l t  of t h i s  ca lcu la t ion  - 0.18% second6 - 
no parameters s h a l l  be sampled a t  down4ink o r  G/G c 

r e s u l t  i n  an ex terna l  cycle sync delay o f  less  than 0.188 seconds un- 
l e s s  f o r  reasons other  than support o€ opecational time 

ments. I n  summary, t h i s  technique allows one t o  r e l a t e  the  

sampling r a t e  time delays t o  other  design considerations.  

Conclusions and Recommendations 

Conclusions s t a t e d  below d 

value judgments of the  adequacy of  t i m e  

a ted  with TLM displays.  

cussion of r e s u l t s  w i l l  support 

personnel. Certain of the  conc 

summary of  s ign i f i can t  r e s u l t s .  

It  i s  intended t h a t  t he  

s t o  be m d e  & NASA 

Conclusions are as 
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- Total  average t i m e  delays f o r  a l l  d i r e c t l y  driven 

d isp lay  da ta  f a l l  within a range of O . l i t o L  2 . 5  , 
seconds e 

- Total  average t i m e  delays f o r  a l l  computer-driven 

d isp lay  da ta  f a l l  within a range of 2..,0* 

seconds e 

t o  4.2. ~ 

- Delay components r e su l t i ng  f r o m  vehicle  and remote 

site-to-MCCH sampling ra te  spec i f ica t ions  gener- 

a l l y  cons t i t u t e  a s ign i f i can t  port ion of  the  t o t a l  

vehicle-to-display t i m e  delay. 

- A s ign i f i can t  reduction i n  t o t a l  t i m e  delay t o  a 

d isp lay  i s  achieved by employing d i r e c t l y  driven 

d isp lays  ( v i a  ground s t a t i o n )  r a the r  than computer- 

dr iven displays ( v i a  RTCC):  

of lA.8 seconds. Minimum percentage reduction of 

absolute reduction (avg.) 

A?%., * 

- The MCCH component of t he  t o t a l  t i m e  delays i n  the  

case of d i r e c t l y  dr iven displays i s  e s s e n t i a l l y  

negl ig ib le .  

- The MCCH component of the  t o t a l  t i m e  delays i n  the  

case of computer-driven displays i s  s igni f icant :  

absolute value of 1 .8+seconds (avg.). - 
- minimum of 42%- of t o t a l  delay 

- The ana ly t ic  techniques employed t o  sak is fy  the  spec i f i c  

object ives  iden t i f i ed  f o r  t h i s  analysis  are general ly  

appl icable  t o  addressing the same i ssues  f o r  d i f f e r e n t  

system configurations.  
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- The analytic technique employed herein may be viewed as 
appropriate to ad.dress a variety of issues different 
than but related to those specifically addressed. 

Although several of the quantitative conclusions stated above are 
certainly not surprising, their quantification is intended to support 
the establishment of a baseline of MCCH performance, 
baseline to be sufficient 3s related to the existing TLM subsystem 
while recognizing areas not specifically addressed, it appears reason- 
able to consider the usefulness of such an analysis or version thereof 
for expected CCATS performanceo Because this author's knowledge of 
CCATS is insufficient to permit a detailed assessment of which ques- 
tions are of interest, only a general recommendation is made as follows: 

Assuming this 

It is recommended that CCATS issues of significant interest- 
which may be addressed using the techniques employed herein 
be identified and evaluated for possible pursuit as an ex- 
tension of this analysis ,, 

COMMUNICATIONS PROCESSOR LOADING mALYSIS 
The term "loading" as used herein refers to the usage of computing 

capacity and is expressed as the percentage of time (during the interval 
selected for collecting analysis results) occupied with the performance 
of data handling finctions. The term "communications processor" is used 
in a general sense to include both the combination of Univac 490 hardware 
with the present GEMINI software package and the yet to be realized CCATS 
combination of Univac 494 hardware with a new Apollo-oriented software 
package. These two hardware/software combinations are distinguished as 
required within this report by specifically referring to either the ex- 
isting system or CCATS, 

- Specific Ob j ectives 

The objectives of this portion of the analysis reflect two important 
constraints. Because no technique for assessing communications processor 
loading had been implemented within the existing system, this analysis by 
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necess i ty  included a s s i s t i n g  i n  the  development o f  such a technique. 

Objectives s t a t ed  below r e f l e c t  the  f a c t  t h a t  t h i s  e f f o r t  i s  not ye t  

considered complete. 

s t a t e  permitt ing empirical  ana lys i s ,  object ives  r e l a t e d  t o  t he  quanti-  

f i c a t i o n  of CCATS loading a r e  severely l imi ted .  

Because the  CCATS configuration i s  not ye t  i n  a 

Spec i f ic  Objectives a re  as f o l l o w s :  

1. Achieve two spec i f i c  loading measurements associated 

with the  support of a peak operat ional  GEMINI t r a f f i c  

s i t u a t i o n  - 

For the  Univac 490 as a basic  system capaci ty  

f igu re  quantifying loading on t h e  ex i s t ing  sys- 

tem i n  response t o  a peak load. 

For t he  Univac 494 a s  a,n ind ica t ion  o f  the  per- 

centage of  CCATS 494 capaci ty  required t o  support 

t he  GEMINI por t ion o f  a CCATS simultaneous mission 

configuration involving G E M I N I  a s  one of t h e  two 

missions e 

2 e For t h e  loading measurement technique employed (described 

below), assess  i t s  a b i l i t y  t o  provide meaningful r e s u l t s  

i n  terms o f  an ove ra l l  f i gu re  f o r  system loading. (flOverallll 

a s  opposed t o  a breakdown which ind ica t e s  which por t ion  of. 

the  ove ra l l  loading i s  associated with which software 

funct ions.  ) 

3 .  Inves t iga te  the  usefulness  of  t h i s  same measurement tech- 

nique t o  achieve a use fu l  p ic ture  o f  the r e l a t ionsh ip  be- 

tween ove ra l l  system loading and the  various funct ional  

components o f  t h i s  loading. 

a pa r t i cu la r  f o r m  of  loading breakdown a s  i s  discussed i n  

subsequent paragraphs ) 

(This llpiclturefl cons t i t u t e s  



4*  Derive a numerical r a t i o  which expresses t h e  approximate 

degree of computing capaci ty  increase associated with 

making the  t r ans i t i on  f r o m  a 490 t o  a 494 processor. 

though t h i s  object ive i s  considered secondary, such a 

r a t i o  i s  hopefully useful i n  support of a more quantita- 

t i v e  understanding of t he  ac tua l  advantages associated 

with t h e  494 augmentation. 

Al- 

Objectives I l l  and rt2rt a r e  obviously c lose ly  in t e r r e l a t ed ,  t he  same 

technique used t o  achieve measurements i s  simultaneously being assessed 

f o r  va l id i ty .  Analysis r e s u l t s ,  r e l a t i v e  t o  those two object ives ,  are ,  

therefore ,  discussed together .  

To provide a b e t t e r  understanding o f  why one would be in t e re s t ed  i n  
obtaining overa l l  system loading f igu res  and some f o r m  of a breakdown 

thereof ,  i t  i s  usefu l  t o  consider t h e  questions which such f igu res  might 

answer. There are two basic  questions o f  i n t e r e s t :  

From an i n t e r e s t  i n  the  present operating margin, What 

port ion o f  t he  t o t a l  capaci ty  a m  I present ly  using?" 

From an i n t e r e s t  i n  the impact on the present operating 

margin o f  new demands on t h e  system, "What port ion of the  

t o t a l  capaci ty  w i l l  I be using once these new demands 

have been accommodated?1t 

The f i rs t  question i s  an important one which may be answered using any 

technique which provides a measure of  overa l l  loading; thus t h e  associ- 

a t ed  object ive above. The second question, on the  other  hand, may be 

answered only i f  t he  a b i l i t y  e x i s t s  t o  p red ic t  t he  incremental impact 

on the  overa l l  loading of any new demand s t a t ed  i n  terms o f  more da ta  

( i n  a general  sense) o r  new functions., 

t i o n  requi res  the  a b i l i t y  t o  view loading for each type o f  da ta  or 
funct ion despi te  the  fact  t h a t  the end r e s u l t  i s  s t a t ed  i n  overa l l  

loading terms 

I n  other words, t he  second ques- 
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A bas i c  premise concerning t h e  p a r t i c u l a r .  ape ra t iona l  t r a f f i c  - s i t ua t ion  

f o r  which answers t o  t h e  above questions should be derived i s  as fo l lows:  

t h e  h ighes t  conceivable l e v e l  o f  opera t iana l  t n f f i . c i s  the  s i t u a t i o n  o f  

m o s t  i n t e r e s t  because t h e  system m u s t  be d.esigned.af,least t o  handle-this 
si tuat ion.  Note t h a t  t h i s  s i tua t ion  i s  r& synonymous wi.th a theore-tiaal 

peak defined as t h e  simultaneous r e c e i p t  of input  da ta  from a l lposs ih l fL  

da ta  sources a t  t h e i r  maximum da ta  rates-; such a-peak-is nat. OX p r a c t i c a l  

i n t e r e s t  f r o m  an o v e r a l l  loading viewpoint. 

Presentat ion and Discussion o f  Results 

1. Data Collect ion 

A simple addi t ion t o  t h e  present  communications processing s o f t -  

w a r e  package provided t h e  bas ic  t o o l  f o r  co l lec t ion  o f  appropriate  

empirical  o r  usage data.  

i n  data  co l lec t ion  were s p e c i f i c a l l y  defined, t h i s  addi t ion was designed 

and implemented expedi t iously by Univac personnel. Technically, t h e  na ture  

o f  t h i s  change may be b r i e f l y  explained as  f o l l o w s :  

Once the  na ture  o f  t h e  NASA and MITRE i n t e r e s t s  

That port ion o f  t h e  communications processing software system which 

schedules o ther  port ions o f  t he  software system t o  operate i n  response t o  

input  da ta  i s  known ac Y3witcherO1l 

which starts a t  t h e  top o r  high p r i o r i t y  end o f  a r e g i s t e r  containing indi-  

ca tors  of  t a sks  t o  be performed and proceeds toward the  low p r i o r i t y  end. 

Switcher may be viewed as a scanner 

If no t&ks  requi re  scheduling, Switcher e x i t s  f rom t h e  low p r i o r i t y  end 

o f  t h e  " job  r e g i s t e r "  and immediately starts again a t  the  top .  If the re  

a re  tasks  t o  be performed, Switcher s tops scanning, schedules t h e  appropriEt.e 

portion o f  t h e  software package t o  operate  and waits u n t i l  t h e  task  has 

been completed. 

cyc l i c  scannwg sequence s t a r t i n g  a t  t h e  t o p  o f  t h e  Ifjob r e g i s t e r . "  

Once a t a sk  has been completed, Switcher again begins i t s  

The da ta  co l l ec t ion  t o o l  added t o  t h e  software takes advantage-af. %he 

Switcher c h a r a c t e r i s t i c s  described above. Spec i f i ca l ly ,  t he  program add& 

t ion  permits t he  recording on magnetic tape o f  t he  number of  times ,(-within 

one o f  severa l  s e l ec t ab le  i n t e r v a l s )  t he  Switcher program exits from the  

low p r i o r i t y  end of t h e  "job reg is te r , I t  

by an appropriate  time t a g  and because each cycle o f  Switcher requires a. 
f ixed  and predic tab le  amount o f  time, permits a d i r e c t  calculat ion of  t he  

amount of time within the  recording i n t e r v a l  t h a t  no processing t a sks  were 

Each recorded count i s  accompanied 



required.  

may be e a s i l y  converted t o  a loading f igure .  

This then i s  t h e  percentage o f  computing capacity & used and 

The program change described above i s  considered general ly  s u i t a b l e  

f o r  long-term use. 

would r equ i r e  minor modification t o  simplify the  mechanics o f  da ta  reduc- 

t i on  i n  support o f  extensive and continuing fu tu re  use. 

Certain d e t a i l s  o f  t h e  present implementation, however, 

Using t h e  Switcher cycle count technique described, usage d a t a  was. 

col lected f o r  each of t h i r t e e n  d i f f e r e n t  pre-defined measurement configura- 

t i o n s  dis t inguished from one another by the  spec i f i c  complement of  data  

inputs  involved, 

inputs  required t o  support loading measurements f o r  peak operat ional  t r a f f i c  

conditions.  

a p p l i c a b i l i t y  o f  t h e  Switcher cycle count technique t o  support a determina- 

t i o n  of  var ious loading components as  per  ob jec t ive  lf311. 

required t o  permit an understanding o f  t h e  r e s u l t s  reported,  measurement 

configurations a r e  defined below. 

One o f  the  t h i r t e e n  configurations consisted o f  a l l  those 

A l l  o ther  loads were designed t o  support inves t iga t ion  o f  t h e  

To the  extent  

Other s ign i f ican€  conditions r e l a t i v e  t o  da ta  co l lec t ion  are:  

a Measurements f o r  a l l  configurations were taken while running both 

t h e  490 and 494 i n  p a r a l l e l  using t h e  dynamic standby concept opera t iona l ly  

employed i n  the  MCCH. 

490 and 494 versions of t h e  software system t ape . )  

convenient co l lec t ion  of  comparative data  on both machines e 

(The program change, o f  course, was added t o  both the  

This permitted the  

Data was recorded f o r  a l l  configurations using a 1 second i n t e r v a l ;  

i. e , ,  t he  count o f  Switches cycles was recorded and then r e s e t  once per  

second 

The t o t a l  time periods over which da ta  was recorded f o r  each con- 

f igu ra t ion  were e i t h e r  1 ,  2, o r  approximately 5 minutes depending upon t h e  

p a r t i c u l a r  configuration, T o t a l  periods of da ta  co l lec t ion  were defined , 

s p e c i f i c a l l y  f o r  each configuration a s  adequate t o  permit any r e p e t i t i v e  

pa t t e rns  t o  be observed o r  random peaks t o  be experienced, 

t e s t  information i s  presented i n  Appendix B. 

More d e t a i l e d  

A f i n a l  comment i s  appropriate  regarding the  means o f  converting the  

count information recorded t o  loading measurements. 

was recorded f o r  a 2 minute period with no da ta  being input  t o  the proces- 

sors ( a  four teenth  configurat ion) .  

Switcher count da%a 

This p a r t i c u l a r  count data,  then, was 
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used t o  c a l i b r a t e  a l l  o ther  measurements by considering t h e  m d m u m  number 

o f  cycles within my given second &wing t h e  !!no data1! period t o  correspond 

t o  a zero percent loading s i tmt l .on ,  

t a sks  t o  be scheduled, t h e  following nwlzber o f  Switcher cycles occur per  

second: .&,4OO f o r  t h e  494; 59973 f o r  t he  4900 

This d a t a  Endhated  t h a t ,  wi th  no 

2 e -and Implication 5 

I n  agreement with NASA personnel and i n  accordance wifuh def ini-  

t i o n s  previously derived i n  suppor-2 of  t he  s e r i e s  of  Bellcomm t h e o r e t i c a l .  

s tud ies ,  t h e  peak opera t iona l  “urafflc s i t u a t i o n  was based on a GEMINI launch 

coincident. with an AGZNA f lyby a t  Cape Kennedy, 

t r a f f i c  asebciated with t h i s  configuration involved a l l  o f  t h e  following 

sources: 

f rom Cape Kennedy and o f  Bermuda radar  data ,  t he  B-iiffer/Formatter, a se lec ted  

number of  t e l e type  devicesg an MDCS uni t  ( s h t l t m e o u s  comaand transmission 

assumed), and t h e  RTCC ( T I N  Rebroadcasts m d  command loads )o  

descr ip t ion  of  t h i s  configmation i s  contained i n  Appendix B o  

taken a t  1 second i n t e r v a l s  f o r  approximately 5 minutes” 

recorded during t h i s  5 minute period and converting t o  a percentage of  

computing capacity used f igu re ,  t h e  following r e s u l t s  were obtained: 

A s  a r e s u l t ,  t he  input  

a l l  DCU-R u n i t s  devoted t o  t he  reception o f  GE/B and IP data  

A s p e c i f i c  

Data was 

Averaging the  data  

For 490, operating a t  68,0% during t h e  

peak t r a f f i c  s i t ua t ion  

For 4949 operat ing a t  1303% during t h e  

same peak t r a f f i c  s i t ua t ion  

Appendix B may be consulted f o r  a descr ipt ion of  t he  d a t a  averaging technique 

employed and my assumptions made i n  achieving these resultsa 

The 490 r e s u l t  of  68% i s  par t ic i l la r ly  i n t e r e s t i n g  viewed as an ind i -  

cat ion of  t he  a b i l i t y  o f  t h i s  machine t o  accomplish the  SCATS t a sk ,  

Althopgh any de ta i l ed  statements regarding t h e  influence of  new CCATS s o f t -  

ware funct ions,  network changesg e t c , ,  can not  be made a t  t h i s  point ,  it 
appears reasonable t o  make the  assumption t h a t  support of a s ingle  Apollo 

mission w i l l  r equi re  a t  l e a s t  as much computing capacity a s  a s ing le  

G E M I N I  mission, 

sult t o  p red ic t  GCATS loading f o r  t w o  simultaneous mis s ionso  

a peak demand f o r  g rea te r  than ’100% of computing capacity w i l l  be met by 

Making t h i s  assumption leads t o  doubling of  the  68,0% re-  

Noting - t h a t  
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using 100% of capacity u n t i l  t he  machine can "catch up!' leads t o  t he  con- 

clusion t h a t ,  as t h e  minimum operat ional  cost ,  abnormal delays w i l l  be 

incurred. 

t he  duration of a t  l e a s t  a s ing le  over-station pass period, da ta  l o s s  be- 

comes a ser ious  concern although n o t  a surety'. 

undesirable i f  not  a t o t a l l y  unacceptable condition. 

490 f o r  A~o~~o/CCATS a r e  confirmed. . 

Noting f u r t h e r  t h a t  such a demand could conceivably continue f o r  

This i s  a t  l e a s t  an 
Limitations o f  t h e  

The 494 r e s u l t  of 13.3% does n o t  on t h e  ,surface represent  t h e  number 

required t o  s a t i s f y  t h e  objec t ive  s t a t e d  above. 

centage of  494 capaci ty  required t o  support a' GENINI mission within a 

CCATS configtvat ion,  consideration must be given t o  network changes and 

software Executive-System changes appl icable  t o  GEMINI  during t h e  CCATS 

time period but no t  capable o f  being measured a t  t h i s  time. 

with Univac personnel, however, i nd ica t e  t h a t  no s ign i f i can t  loading changes 

(perhaps even a deerease) should be associated with these  f ac to r s .  

r e s u l t ,  13,,3% i s  herein considered v a l i d  f o r  t h e  GENINI component of  t o t a l  

CCATS loading 

To truly r e f l e c t  t he  per- 

Discussions 

As a 

Assessment of Switcher Cycle Count Technisue 

Such an assessment was indica ted  previously as c lose ly  assoc ia ted  

with t h e  r e s u l t s  o f  peak loading measurements. 

r igorous means o f  assessing the  v a l i d i t y  o f  t h e  measurements taken and thus 

o f  t he  measuring technique i t s e l f ,  t h e  general  cha rac t e r i s t i c s  of t h e  

yecorded loading da ta  f o r  both the  490 and 494 when viewed with a knowledge 

of input  t r a f f i c  cha rac t e r i s t i c s  may be in t e rp re t ed  as  reason f o r  confidence. 

Although the re  exist no 

F i r s t  of  a l l ,  f l uc tua t ions  i n  t h e  number of Switcher cycle counts re- 

corded f o r  each 1 second i n t e r v a l  exhibited no regular  pa t te rn .  

be expected on t h e  bas i s  t h a t ,  although the  same input  da ta  sources were 

maintained throughout t he  measurement period, processing demands within any 

given second i s  a random var iab le  when dealing with non-synchronized da ta  

sources; i . e . ,  t h e  degree o f  "demand coincidence" viewed on a I second 

time sca l e  i s  random. In  addi t ion,  the  magnitude o f  such f luc tua t ions  

about t he  average loading appeared cons is ten t  with the  expected degree bf 

"demand coincidence;" i. e, va r i a t ions  were s i g n i f i c a n t  Cram a percentage 

viewpoint but d id  not  exhib i t  e r r a t i c  spiking (an exception i s  discussed 

subsequently) 

f o r  any s ing le  second (again ignoring t h e  exception discussed below) y i e l d s  

t h e  following : 

This would 

Calculation of  t h e  highest  and lowest loading l e v e l s  recorded 
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Machine Highest E T n t  Lowest  Point  Aver ape. 

49 0 79.1 66.3 68.0 

494 17.3 6.7 13.3 

I n  summary, empirical  resul ts  appear t o  support t he  "paper va l id i ty"  

of t he  techniques. 

An exception t o  t h e  general  pa t t e rn  of resu l t s  discussed above should 

be noted. 

made above, it does i l l u s t r a t e  t h e  importance o f  peak loading duration as 

w e l l  as peak loading l e v e l  t o  meaningful i n t e rp re t a t ion  of loading data.  

Figure 2-8 provides an example of load llspikingfl as measured on the  494 
during the  peak t r a f f i c  s i t ua t ion .  

range bounded by the  lowest and highest  values measured f o r  a l l  data  outs ide 

of t h e  "spike" under consideration. Data points  associated with the  Ifspikelf 

exis t  for only 2 seconds a t  l e v e l s  not  bounded by t h i s  normal range. Spikes 

of such duration must be considered as in s ign i f i can t  operat ional ly;  t h e i r  

only impact i s  a negl ig ib le  delay of low p r i o r i t y  data .  The implication i s  
c lear ;  t he  duration of loading a t  a pa r t i cu la r  l e v e l  must be considered be- 

f o r e  the  s ignif icance of t h a t  measured l e v e l  may be understood, 

Although t h i s  exception does not  inva l ida te  any of t he  statements 

Note pa r t i cu la r ly  the  load percentage, 

3 .  Application of Switcher Cycle Count Technique t o  Achieve An 

Understanding o f  Loading Comvonents 

Previous results indicated t h a t  the  subject  technique w i l l  achieve 

v a l i d  measures of t o t a l  loading i n  response t o  any pa r t i cu la r  t r a f f i c  situa- 

t i on .  This port ion of t h e  analysis  i s  concerned with the  use of t he  same 

technique t o  view ove ra l l  loading i n  terms of various loading components.. 

The goal as defined ear l ier  i s  development o f  a pred ic t ive  capabi l i ty  

r e l a t i v e  t o  o v e r a l l  system loading i n  a peak operat ional  t r a f f i c  s i t ua t ion .  

Before inves t iga t ing  the  usefulness of a pa r t i cu la r  technique, t h e  

general  form t h a t  such a predic t ive  capabi l i ty  would take must be defined. 

The approach would be t o  develop a family of loading curves, each member 

describing the  percentage o f  computing capacity used t o  process a pa r t i cu la r  

type o f  input  da t a  as a function of the  %olumefl of t h a t  data.  More speci- 

f i c a l l y ,  based on the  f a c t  t h a t  any chain of processing events cons t i tu t ing  

loading may ult imately be t raced  t o  an in t e r rup t  occurrence ind ica t ing  the  

presence of input  data ,  each curve would describe loading as a function o f  

t h e  number of i n t e r r u p t s  per second. A separate curve would be required t o  
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descr ibe loading f o r  every chain of software events which i s  def inable  as 
unique i n  terms of t he  type of i n t e r r u p t  causing i t s  i n i t i a t i o n  and of t h e  

combination of programs involved i n  t h a t  chain. 

general ly  exists f o r  each type of da ta  input  t o  t h e  system except i n  those 

cases where d i f f e ren t  da t a  types from an operat ional  point  o f  view are pro- 
cessed indis t inguishably by the  system of i n t e r e s t .  

Bufferbormat te r  and DCU-R da ta  inputs  t o  t h e  present system may he viewed 

as i n i t i a t i n g  t h e  same software chain,) 

r e su l t i ng  family of curves may be required t o  r e f l e c t  t h e  s e n s i t i v i t y  of 

loading measurements, i f  such s e n s i t i v i t y  proves s ign i f i can t ,  t o  &tailed 

data  cha rac t e r i s t i c s  such as message length and the  d i s t r ibu t ion  of t h e  same 

t o t a l  i n t e r rup t  ra te  between physical ly  d i s t i n c t  input  l i n e s ,  

Such a d i s t i n c t  chain 

(For instance,  all. 

A f u r t h e r  breakdown w i t h i n  the 

I n  summary, 

a family of curves describing loading as a function of i n t e r rup t  r a k m a y  

be defined but only with carefu l  consideration o f  t h e  spec i f i c  curves re- 

quired ,, 

Each loading curve would be "drawn" by co l lec t ing  empirical  da t a  over 

a wide enough range o f  i n t e r rup t  ra tes  t o  permit meaningful extrapolat ian 

t o  non-empirical da ta  poin ts  f o r  pred ic t ive  purposes, 

would be establ ished on each curve corresponding t o  the  i n t e r r u p t  r a t e  

associated with a peak operat ional  t r a f f i c  s i t ua t ion ,  The sum of  t he  laad- 

ing  l e v e l s  associated with a l l  such basel ine points  would, with t h e  

incorporation of any form f a c t o r  required t o  r e f l e c t  t h e  whole as unequal 

t o  t h e  $urn of i t s  p a r t s  (discussed i n  more d e t a i l  below), represent  over- 

- a l l  system loading f o r  t h e  peak operat ional  t r a f f i c  s i tua t ion .  

family o f  curves as a predic t ive  t o o l  i n  estimating the  impact on ove ra l l  

loading of a newly defined (or p o t e n t i a l )  requirement, it would be required 

only t o  convert t h i s  requirement t o  an increased in t e r rup t  ra te ,  move t o  

t h e  appropriate loading point  on t h e  appropriate curve, sum again wi%h un- 

a f fec ted  components a t  t h e i r  basel ine l eve l ,  and apply the  necessary form 

f a c t o r  t o  achieve the  des i red  result. 

A basel ine pa in t  

To use t h e  

Note t h a t  t o  prevent t h e  compounding af any inaccuracies  assaciated . 

w i t h  non-empirical da ta  points ,  predict ion and measurement must. be used-in 

an i t e r a t ive  cycle. 

implemented, empirical  da t a  may be taken t o  spec i f i ca l ly  e s t ab l i sh  a new 

Once a previously predicted requirement has been 

basel ine point  on the  appropriate curve, 

i n  t h i s  i t e r a t i v e  manner l i m i t s  p red ic t ive  inaccuracies t o  those associated 

Achievement o f  new baseline poin ts  



with only a s i n g l e  trjumprl on a loading curve. 

implies continuing use o f  any loading measurement technique. 

This f ea tu re ,  of course, 

Although l imi ted  a v a i l a b i l i t y  o f  both MCCH f a c i l i t i e s  and ana lys i s  

t i m e  precluded a complete inves t iga t ion  of  t he  q p l i c a b i l i t y  of t h e  Switcher 

cycle count technique t o  the  pred ic t ive  approach described, preliminary 

resul ts  i n  the  th ree  areas described below are considered ind ica t ive .  

Appendix B should be consulted f o r  any descr ipt ion o f  measurement configura- 

t i on  d e t a i l s  or data  reduction d e t a i l s  not  included i n  t h e  following 

paragraphs. 

Construction of Sample Loading Component Curve 

Because individual  loading curves a re  i n t e g r a l  t o  t he  pred ic t ive  

approach described, it was considered important t o  generate a sample of 

such Curves. In addi t ion t o  inves t iga t ing  the  technique i t s e l f ,  it was 

desired t o  confirm a t  the  same time t h a t  r e su l t i ng  loading curves lend 

themselves t o  extrapolat ion;  i. e . ,  t h e i r  behavior i s  not  e r r a t i c  ( t h i s  cer- 

t a i n l y  would not be expected). Figure 2-9 presents  the r e su l t s  o f  exposing 

both the  490 and t h e  494 processors t o  a series o f  loads involving succes- 

s ive ly  higher i n t e r r u p t  ra tes  as indicated by the  empirical  da ta  points .  

Each da ta  point  was associated with a spec i f i ca l ly  defined combination of 

Buffer/Formatter and/or DCU-R (GELB, I P ,  BDA) inputs .  These da t a  sources 

( s t a t i c  da ta  employed) were selected f o r  t h e  example because they 1 ) 

i n i t i a t e  t h e  same software chain and 2) a re  characterized by a f ixed  nun- 

ber o f  i n t e r r u p t s  per second. 

t h a t  loading f o r  t h e  software chain of i n t e r e s t  i s  

length or t o  i n t e r rup t  d i s t r ibu t ion  between input  l i n e s ;  d i f f e r e n t  i n t e r -  

rup t  d i s t r ibu t ions  and message lengths  were required t o  permit measurement 

over t h e  r e l a t i v e l y  wide range o f  i n t e r rup t  rates. 

Impl ic i t  i n  this  curve i s  the  assumption 

sens i t i ve  t o  message 

Viewing t h i s  curve i n  i t s e l f  makes t h e  general  approach described above 

l o o k  very promising, 

i n t e r rup t  range ind ica t e  a cer ta in  amount of loading overhead which i s  no t  

a function of i n t e r r u p t  rate.  

t i a l l y  l i n e a r  beyond a cer ta in  point ,  4 interrupts/second i n  t h i s  case. 

A s  might be expected, resul ts  a t  t he  lower end of t h e  

Also as expected, t h e  curve becomes essen- 

S e n s i t i v i t y  t o  Variat ions i n  Detailed Data Charac te r i s t ics  

The poss ib le  existence o f  such s e n s i t i v i t i e s  being s igni f icant  w a s  

noted previously with the  possible  impact being expansion of the s i z e  o f  

t h e  family o f  loading curves t o  a number grea te r  than the  number of d i s t i n c t  
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software chains. This i s sue  was addressed by co l lec t ing  data  f o r  more than 

one configuration a t  each of two in t e r rup t  rates.  I n  p a r t i m l a r , . d i f f e r e n t  

combinations of Bufferbormatter and DCU-R da ta  were employed a t  bokh 2 and 

4 interrupts/second. 

represent  averages of t h e  d i f f e ren t  loading v d u e s  .obtained, ) 
d i f f e ren t  configurations characterized by 4 interrupts/second and two differ- 
en t  configurations characterized by 2 interrupts/second were invest igated,  

d i f f e ren t  configurations a t  the  same rate dis t inguished only .by message 

length,  i n t e r r u p t  d i s t r ibu t ion  by l i n e ,  o r  interrupt .  d i s t r ibu t ion  within 

a one second time period. 

t he  associated results. 

(Loading values i n  Figure 2-9 a t  these two rates . 
Three 

See Appendix B for spec i f i c  configurations and 

Unfortunately, a l l  t h a t  can be said at t h i s  time i s  that  t h e  results 

were inconclusive: they f a i l e d  t o  evidence any regular ,  p red ic tab le  

pa t t e rns  f o r  the s e n s i t i v i t i e s  of i n t e r e s t .  Considering only se lec ted  

measurements, apparent consis tencies  i n  terms, f o r  example, of increase 

loading w i t h  message length may be found. 

i s  considered i n s u f f i c i e n t  t o  support conclusive results.  More importantly, 

however, bas ic  inconsis tencies  may be found as well .  I n  response t o  the 

same two configurations,  the  490 and 494. behaved conversely i n  one case, 

Another case indicated an inverse re la t ionship  between loading'and in t e r -  

rup t  r a t e ,  e t c ,  

The nqmher of samples, however, 

A s  s ta ted these  resu l t s  must be considered- inconclusive, Certainly 

the  presence of basic  inconsis tencies  mi t iga tes  any optimism about t h e  

pred ic t ive  approach under discussion, It should be emphasized, however, 

that possible  explanations f o r  these  e x i s t  which do not  defy the  usefulness 

of t he  approach or measurement technique. For instance,  apparent incon- 

s i s t enc ie s  may e x i s t  only because the  associated s e n s i t i v i t i e s  are n o t  w e l l  

enough understood, 

t i o n s  between configurations and t h e i r  assoc ia te  i n t e r r u p t  ra tes  were n a t  

marked enough t o  overshadow the  random error cha rac t e r i s t i c s  of the measure- 

ment technique i t s e l f .  This l a t t e r  statement o f  course challenges the m e r i t  

of any results achieved, but fu r the r  analysis af the inaccuracies involyed 

and t h e i r  accumulative e f f e c t  on an ove ra l l  loading  predict ion may indi-, . 
cate  t h a t  these  a r e  acceptable f o r  t h e  purposes envisioned., 

i t  might be necessary t o  worst case a l l  curves based on an understanding 

of t he  e r r o r s  involved and accept the  eventual resul t  as providing a 

safety margin. 

Perhaps these inconsis tencies  exist because the d is t inc-  

I n  th i s  regard,  
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Derivation of a Whole vs. t he  Sum of  the P a r t s  Form Factor 

Results i n  t h i s  area must be considered pa r t i cu la r ly  critical.,  Be- 
cause any indiv idua l  loading curves must be generated i n  an environment 

i n  which no o ther  t r a f f i c  exis ts  when using t h e  Switcher count technique, 

resul ts  using t h i s  technique do not  d i r e c t l y  r e f l e c t  the impact on over- 

a l l  loading o f  the f a c t  t h a t ,  when viewed on a f ine  time scale ,  traffic. 

f r o m  a p a r t i c u l a r  source i s  received and processed randomly i n  t i m e  rela-. 

t i v e  t o  t r a f f i c  from other  sources. Essent ia l ly  t h i s  impact may he. 

understood by viewing the loading associated w i t h  d i f f e r e n t  port ions o f  

t he  t o t a l  t r a f f i c  t o  be addi t ive  only t o  the  extent t h a t  t h e  durations of 

these loading components overlap. In  bther  words, ove ra l l  loading experi- 

ences an averaging e f f e c t  due t o  t h e  less than 100% overlap of  var ious 

loading demands on t h e  system. 
ponents derived using the  count technique would be expected t o  be grea te r  

than the  ove ra l l  loading measured with a l l  t r a f f i c  being input  during the 

kame measurement in t e rva l .  This implies t he  need f o r  a form f a c t o r  which 

permits r e l i a b l e  calculat ion of expected ove ra l l  loading f r o m  t h e  sum of 

a l l  loading components as ind iv idua l ly  measured. 

not  be achieved. 

I 

A s  a resul t ,  t he  sum of a l l  loading com- 

Otherwise predict ion may 

Use of the  form f a c t o r  discussed would occur a f te r  curve summation has 

been achieved with any predicted increases  i n  loading included on a curve- 

by-curve bas is .  

f o r m  f a c t o r  t o  achieve t h e  expected ove ra l l  loading. 

repor t ,  da ta  was co l lec ted  t o  permit calculat ion of t h i s  form f a c t o r  as 

X = Sum of Loadings Measure f o r  Each of All Overall  Load Components/Over- 

a l l  Loading Measured. 

configuration employed t o  ca lcu la te  X. 

A t  t h i s  point ,  t he  summation would be mult ipl ied by the  

For purposes of this 

Appendix B may be consulted f o r  t he  pa r t i cu la r  

X was calculated f o r  th ree  separate  cases i n  which the  configurat ions 

permitted regarding one t r a f f i c  configuration as t h e  composite of more than 

one other  configuration. Loading component measurements were taken fnr: .all 
t r a f f i c  included i n  the  peak configuration considered as t h e  c o m p a s i k a f .  - 
f o u r  separate  configurations.  

cause t h e  degree of "loading overlap" r e f l ec t ed  should he representa t ive  

f o r  t he  va r i e ty  of data  types and rates general ly  associated w i t h  a peak- . -  - 

' c raff ic  s i t ua t ion  ( the  only s i t ua t ion  considered herein t o  be o f  p red ic t iye  

s ignif icance) .  

- 

This case was considered most meanin&ul.he-- 

Results obtained are< as follows: 
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For  494, X = 

Note t h a t  the  l e s s e r  value 

machine = shor te r  duration 

I .  

0,62 

* <  o,.l$si : ,  . I  I 

of  X f o r  t he  494 would be expected; fas ter  

of various loading components z lesser aver lap 
Regarding the  v a l i d i t y  of these  pa r t i cu la r  numbers, however, again one .-.... 

must conclude t h a t  more data  samples m a r e q u i r e d  t o  permit. sUCl i -a .a .as seS-  

ment. The f a c t  t h a t  t he  other calculat ions made-resulted i n  dLf.fkt%.nt . 

values for X (see Appendix B )  was predictable;  t h e  exact quankitaiivk 

nature  of t he  va r i a t ions  can not  be commented upon without more data.  

Use of the  form f a c t o r  X i n  support of  continuing .analysis would in- 

volve an i t e r a t i v e  cycle of predict ion and empirical  measur.ement like-Lhe 

one discussed previously. In t h i s  case, t he  X empirically derived far the 

ex i s t ing  configuration would cons t i t u t e  a base l ine  value and would he used 

t o  

r ived  X would be calculated following implementation o f  any new requirementsa 
It i s  recognized t h a t  t h i s  repor t  presents  only very prevminary resu l t s  
i n  t h i s  area; considerably more ana ly t i ca l  e f f o r t  w i l l .  he req-uired i f  further 

development of  t he  technique considered warranted.. 

achieve a predicted value f o r  ove ra l l  loading, A new empirically de- .. 

Inaccuracies Involved i n  Techniaue and ResuLtina Predict ions 

Because a de ta i led  inves t iga t ion  of t h e  inaccuracies involved in the 

above results o r  i n  any f u t u r e  results has not  been included w i t h i n  kh.is ^ . _  

analysis ,  comments can be made herein only about the nahure and impart. 

of such an invest igat ion.  F i r s t  of all,- t he  inaccuracies  inherent  t o - t h e  _ _  

considerations o f  t he  nature of the  Switcher jQb schedul ingoperat ion,  

Switcher count technique i t se l f  must be gonsidwed by detaileLt,heor.e.L.icaL. . 

- -  

Secondly, the  inaccuracies  o f  a s ing le  loading curve must be considered,. . 

not  only i n  terms of t h e  measurement technique, but a l s o  i n  terms o f  any. 

s e n s i t i v i t i e s  no t  r e f l ec t ed  i n  a separate  curv.e, Such considerations w i l l  
r equi re  co l lec t ion  of more extensive da ta  r e l a t e d  t o  loading s e n s i t i v i t y  as 

discussed previously. Thirdly, t he  inaccuracies-accompanying predic&ians,. . _  

using t h i s  approach must be considered i n  terms of inaccuracies  assnciahd. 

with determining X. 
c i e s  i s  not  t o  downgrade the  usefulness of the approach., but t o  emphask-  __.” .__ _ _  - 

t he  importance o f  understanding these  before in t e rp re t ing  any results 

obtained 

__ 
The point  of ident i fy ing  the  various- tDes  of inac  
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Alternat ive Techniques 

Certainly a Variety of  o ther  techniques e x i s t  t o  achieve the.resu1i.s 
These 

t h e o r e t i c a l  techniques and simultmeous.. 
analogous t o  those obtained using t h e  Switcher cycle count method. 

may be discussed i n  two groups: 

recording of loading components as  wel l  .as a v e r a l l  hading. measuremen Ls-- __ . ~ 

The f i rs t  i s  not considered t r u l y  c o m p a r a t i ~ ~ ; ~ . ~ ~ Q r ~ t i c a l  . t e c h n i p s . c e r - =  ~ 

t a i n l y  have m e r i t  when empirical  techniques a r e  not  f e a s i b l e  o r  pracM.cal, 

but t h e i r  meri t  must be considered l e s s e r  i f  empirical  techniques a re  

avai lable .  Simultaneous recording, on t h e  other  hapd, i s  an empiric al... - 
technique whose mer i t s  may be d i r e c t l y  compared with those of  t h e  Switcher. 

count method. This general  approach as defined herein includes a l l  forms 

o f  on-line recording which co l l ec t  de t a i l ed  d d a -  descr ibing when and..far. 

how long var ious port ions of t h e  software package operate, 

o f  RTCC recording of  i t s  own processing s t a t i s t i c s ,  t h i s  alylraach-afhn - _ .  

involves co l lec t ion  of performance da ta  i n  addition t o  thak required solely 

for achieving a breakdown o f  ove ra l l  loading. ) 

( A s  i n  the case 

Considering u t i l i z a t i o n  o f  t he  simultaneous recording method as a 

predic t ive  t o o l  i n  the  sense o f  t h e  approach described previoxsly,  t h e  

same problems r e l a t e d  t o  loading s e n s i t i v i t y  ex i s t ,  An important p o t e n t i a l  

. _  

advantage, however, i s  t h e  a b i l i t y  t o  co l l ec t  da ta  far i n d i v i d u a l l n a b i n  g .. 
curves while o ther  t r a f f i c  i s  being input  t o  the  processsor, Result,: ._ I -  

measurements obtained r e f l e c t  X d i r e c t l y ,  

must be determined only with an understanding o f  t he  d i f f i c u l t y  o f  

r e l i a b l y  def ining X using the  Switcher count technique, This advantage_.then. 

must be weighed against  the  cos ts  and complexities of i n c a r p r a t i n g  .a.- _. _ _  . 
simultaneous recording capabi l i ty  i n  the  software package a f . inLeres t ,  CCATS 

i n  t h i s  case. 

The importance of  t h i s  advapLage 

- .  

Without reaching a f i n a l  conclusion it m y  be staked that a p r e d i c i i m  

t o o l  appears t o  have s ign i f i can t  mer i t  i n  t he  NASA environment o f  changing . 

and increasing requirements, Steps t o  provide such a t o o l  should i ,w l  ude. . .,- . . - 
consideration of  t h e  trade-offs between the  two types of empirical  hech?.. 

niques discussed, r e su l t i ng  i n  a decision t o  implement one ar a comhin  
of  these  techniques. 



... . .... .. .. . .... . /  - - - .  ._" .... 

4. Results Relat ive t o  a 494 vs.  490 Comwtina Gapacjts Ratia. 

Results i n  t h i s  area are straightfoxward, They have been tal= 

culated as the  r a t i o  of 11-90 computing capacity required far. a particular 
configuration t o  t h e  494 capacity require.d f a r  the  same. canfigura him,.....- . . 
Calculating t h i s  r a t i o  f o r  a l l  configurations employed and - averaging., -...&ha. 
following result i s  obtained: 

nature  o f  t he  pa r t i cu la r  configuration i n  terms of the mix o f  various . 

ins t ruc t ion  types and the  u t i l i z a t i o n  of cer ta in  memory accessing f - eahmxi  

unique t o  the  494,. 
presentat ive o f  these  f a c t o r s  as applicable t o  communications processing ~ 

functions,  one might consider t h e  r a t i o  f o r  t h e  p e k l o a d  si.tuakian &ne---. . 

t o  be more s igni f icant .  This was 5.1, 

4., 53. Such a r a t i o  i s  influenc.ed by- the...-- - 

Because the  peak t r a f f i c  s i t ua t ion  should be more re-- 

- -  

In  any eveht, a f a c t o r  of approximately 5 appears- to  deseribe.kh.e I_ 

increased execution speeds associated with the  trahsi . t ion from the 4.90 f;a 

t h e  494. 
improvement r a t i o .  

Conclusions and Recommendations 

Note t h a t  t h i s  figure corresponds very closely t o  the lladver.tj.sedll 

The most s ign i f i can t  conclusions a re  tabulated below i n  a summary.. _. 

Certain o f  these ac tua l ly  consis t  of a summarization of ana lys i s  form. 

r e s u l t s .  

. Use of the  Univac 490 hardware i n  a CCATS configuration 

would incur  processing delays of abnormal duration an&-the .. ~ 

p o s s i b i l i t y  of data  loss i n  t he  case of peak t r a f f i c  f o r  

two simultaneous missions. 

Basis: 

required t o  support peak operat ional  t r a f f i c  f a r  asingle. - 

GEMINI mission. 

. 
would appear t o  provide a s ign i f i can t  operat ing margin i n  

terms of unrequired computing capacity-, 

Basis : 

required t o  support peak t r a f f i c  for a s ingle  G E M I N I  mission. 

I . 

Approximately 68% of 4-90 computing capaciky i s  

Use of t h e  Univac 494 hardware i n  a CCBTS configur.ation 

Approximately 13 3% o f  494 computing capacity is. 

. 
analys is  w i l l  provide meaningful measurement, of ove ra l l  

system loading t o  answer t h e  question "what portion of my 
t o t a l  capacity am I present ly  usi'ng?" 

The Switcher cycle count technique employed f o r  t h i s  
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a Use of the  Switcher cycle c o u t  technique and . the-family 

of loading curves approach t o  pravide. appad.ma,Le-.pedi.ctions 

i n  response t o  the  question Ifwhat portian. d_mSz--takal capaci ty  

w i l l  I be using once these new .requirements4 have been accam.r: 

modated?" appears promising, Befare any technique or - ~ 

approach i s  implemented t o  provide a pr.edictism capabilLQ,. 

however, the  Switcher cycle comL technique musrt.be fur&her  - 7  

invest igated i n  areas de l inea ted  ahox&. aad,Lhe. other--&erna- 

t i v e s  mentioned should be evaluated in a-comparaiixe __I  

fashion. 

. 
af  approximately 5 describes the- qeed of. exeau&ian 

advantages associated with Univac.494. vs. ?lnivac 49-0 

Combinations o f  bachniquea.shauld he mnsidered, 

For a communications processing appl icai ian,  .a. f ac tu  

processing hardware. 

Two r e l a t e d  recommendations a r e  deriaed. from. these conclusions; . i t  i s  
recommended t h a t  - 

. The Switcher cycle count recording capabi l i ty  he 

permanently i n s t a l l e d  i n  t h e  CCATS software package 

i n  a form appropriate t o  support continuing analysis  

of cpmputing capacity being used. 

form do not  warrant discussion i n  this report.) 
(Detai ls  of t h e  

. Further  empirical  da ta  be col lected t o  support a 

conclusive inves t iga t ion  of t h e  usefulness of t h e  

Sw.itcher cycle count technique t o  provide a h a d i n g .  

predict ion capabi l i ty .  

da ta  t o  be col lected must be achieved i n - l i g h t  af 

"those areas requir ing invest igat ion as delineated 

i n  t h i s  analysis .  ) 

(The s p e c i f i c  def in i t ion  of 

. An e f f o r t  be commenced t o  examine other  possible 

means of providing t h e  a b i l i t y  t o  conduct on-going 

analyses of system loading, t h e  object ive being the  

a b i l i t y  t o  support se lec t ion  of a p a r t i c u l a r  t.echnique. 

(or combination of these)  f o r  f i n a l .  implementation. 



Note t h a t  conclusions and recommendations relat.ed--ta. the .de ta i led  mechanics 

o f  data  r.e.ducii.on and col lect ion have. ia,aame. .caSas.-.heen. -mUd..by t h i s  

analysis ,  but a r e  not considered o f  ~nsu,g.h-ge.uer,&l.dgnifhmce .be.. be 

included i n  t h i s  paragraph. 
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SECSZON $V 

SUMMARY OF RECOMMENDATIONS 

The effect iveness  ana lys i s  of the C m m i c a f j a n s  Sysiem described 

above may be viewed as r e su l t i ng  i n  a twa+zt..pro&..cL ~ One..part cons is t s  

of resul ts  and conclusions derived ther&r.om. inLa&d. ta . p o x i d s  an a n a l y t i c  

descr ipt ion of present  system performaace QE of expe.clt;ed CCATS performance, 

emphasis being on the  former by necessitg,  This. pacd af., the..psaducL i s  not  

summarized i n  t h i s  paragraph; s ign i f i can t  r e s ~ ~ S , , a n d . . c o n ~ u s i D n s  are 
del ineated above i n  summary fashion f o r  each. pastian. af the analpiis,.. Xkie 

second p a r t  of t h e  product cons is t s  of a series .af -recommendations w i t h  t h e  

common goal of insuring t h a t  areas considered ta .  require further- .-c 

e f f o r t  are ident i f ied .  These recommendaiions ...ace. LahulaLed h & ~ - k  

summary form with r e l i ance  on o ther  portions. of. this., repx;t..to- proxide.. 

supporting information The r e p e t i t i o n  . i n v ~ l . - e b ~ i s .  .considered jnsk i f ied  

by the  convenience of ident i fy ing  a c t i o n s  ta  be. ..ltaken,,. S-pecifically,- i t  
i s  recommended t h a t  - 

. 
permanently i n s t a l l e d  i n  t h e  CCATS saftware.package.ta- 

support continuing ana lys i s  of processor loading. 

The Switcher cycle comb recording capabili ty be 

Alternat ive techniques providing loading measure- 

ments, including the  Switcher cycle count, technique, 

be comparatively evaluated and that a technique o r  

combination of techniques be implemen~ed.and.uti l ized 

t o  provide a pred ic t ive  capabi l i ty  re lak ive  t o  CCATS 

pro c e s s o r  loading . 
e 

CCATS of both core and per ipheral  s torage hardware 

i n  terms of t h e  types and quan t i t i e s  o f  da ta  stored, 

t h i s  analysis  providing an ind ica t ion  of  t h e  growth 

cha rac t e r i s t i c s  o f  t he  CCATS system. 

An analysis  be conducted of t he  u t i l i z a t i o n  by 



. 
i s s u e s  (e .g . ,  time homogenei€y of  data samples) 
considered s ign i f i can t  by NASA be analyzed f o r  

Apollousing t h e  techniques employed in this s 
md t h a t  t h i s  ana lys i s  be d i rec ted  t.0m.d the relakid 

i s s u e s  of da t a  handling adequacy fPm an opm 

viewpoint and da ta  handling e f f ic iency  f m m  an 
engineering viewpoint. 

T i m e  delays and r e l a t e d  telemetry da ta  handling 
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APPENDIX A 

A FRAMEWORK FOR SYSTEMS ANALYSIS AND EVALUATION 

INTRODUCTION 

A s  discussed i n  t h e  main body of t h i s  r epor t ,  ana lys i s  i n  t h e  

Communications System a rea  emphasized the  se lec t ion  of  system character-  

i s t i c s  f o r  ana lys i s  based on t h e i r  s ignif icance.  To provide a technique 

f o r  assessing t t s ign i f i cancd t in  support of  t h i s  se lec t ion  process,  an 

ana ly t i c  framework was developed t o  make e x p l i c i t  what otherwise would 

have been l e f t  t o  system experience and t t in tu i t ion . t t  

s u l t i n g  framework appears t o  have m e r i t  a s  a t o o l  f o r  systems ana lys i s  

and evaluation i n  general  and because experience with t h i s  t o o l  i n  t he  

Communications Systems area has met with p r a c t i c a l  success, t h i s  

appendix i s  provided. 

descr ip t ive  t o  permit a general  understanding o f  t h e  framework being 

presented, but no t  su f f i c i en t ly  de t a i l ed  t o  permit a thorough evaluation 

of t h e  framework as a system ana lys is  and evaluation t o o l ;  t h i s  appendix 

cons t i t u t e s  only a s t a r t i n g  point  f o r  such an assessment. 

Because t h e  re- 

This appendix i s  intended t o  be s u f f i c i e n t l y  

PURPOSE 

Before describing t h e  ana ly t i c  framework i t s e l f ,  t h e  advantages 

general ly  associated with an e x p l i c i t  approach t o  systems analysis /  

evaluation as ppposed t o  t o t a l  r e l i ance  on experience and i n t u i t i o n  

should be s ta ted .  These a r e  - 

. Contribution of  a unifying inf luence t o  a l l  

ana lys i s  a c t i v i t y  which enhances the  a b i l i t y  

t o  t r e a t  t o t a l  system issues .  

. Provision of  a commonly-accepted and consis tent  

s e t  of  c r i t e r i a  against  which t o  evaluate  pro- 

posed design a l t e rna t ives .  

e Reduction of t he  probabi l i ty  t h a t  s ign i f i can t  

a reas  o f  i n t e r e s t  w i l l  be overlooked. 

Influencing the  development o f  t h e  subject  framework was t h e  con- 

s t r a i n t  t h a t  ana lys i s  f o r  purposes o f  t h i s  repor t  would be conducted 
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without a tabula t ion  of  s p e c i f i c  mission requirements from which areas 

o f  i n t e r e s t  could be d i r e c t l y  derived. 

unique and i f  t h e  r e s u l t i n g  approach were t o t a l l y  dependent on t h a t  

cons t ra in t ,  t he  approach ce r t a in ly  would not  be usefu l  f o r  a general  

systems analysis/evaluation appl icat ion.  

t h a t  such a cons t ra in t  i s  not  unique although of  varying degree i n  
d i f f e r e n t  s i t ua t ions .  More spec i f i ca l ly ,  i n  an environment o f  'changing 

and somewhat unpredicltable requirements, it i s  des i rab le  t o  have a means 
o f  looking a t  a system which i s  not  to'$ally dependent upon a knowledge 

o f  spec i f i c ,  de t a i l ed  requirements. The attempt herein t o  s a t i s f y  t h i s  

des i re  i s  based on the d i s t i n c t i o n  between s p e c i f i c  mission requirements 

and requirements categories .  

If such a cons t ra in t  were truly 

It may be contended, however, 

Because the  concept of  requirements categories  provides a s t a r t i n g  

point  f o r  t h e  a n a l y t i c  approach described, t h i s  concept should be wel l  

understood. 

t he  wide va r i e ty  o f  s p e c i f i c  requirements tha t  may be s t a t e d  f o r  t he  

MCCH o r  a s imi la r  system, one begins t o  i d e n t i f y  ce r t a in  bas ic  character-  

i s t i c s  of these which appear r e p e t i t i o u s l y  and provide a common thread. 

Study o f  such bas i c  requirements chbrac t e r i s t i c s  leads t o  the  conclusion 

t h a t  these  may be tabulated i n  such a way t h a t  

may be described by a quan t i t a t ive  combination o f  these,  t h e  r e s u l t i n g  

tabula t ion  being designated as a l i s t  of requirements categories.  

Simply s t a t ed ,  it merely r e f l e c t s  t h e  f a c t  t h a t  when viewing 

spec i f i c  

An example might help t o  clarify t h e  above discussion. A s p e c i f i c  

requirement might be t o  decomutate an addi t iona l  Apollo TI24 format re- 

ceived v i a  a new wide-band l i n k  between a remote s i t e  and t h e  MCCH. The 

assqciated requirements categories  may be s t a t e d  as - 
The requirement t o  respond t o  

- An increased number o f  d i f f e r e n t  TI24 formats  

t o  be handled within t h e  MCCH 

- An increased number o f  wide-band da ta  inpu t s  

i n t o  t h e  MCCH 

Although es tab l i sh ing  a l i s t  o f  requirements categories  may be t r i v i a l  

conceptually, it must be accomplished carefu l ly  and with a f i r m  under- 

standing o f  t he  system i f  t h e  r e s u l t  i s  t o  be comprehensive enough t o  

t r u l y  cover a l l  possible  s p e c i f i c  requirements. 
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QUEE3TIONS TO BE ANSWERED 
If any framework i s  t o  prove useful as a systems analysis/evaluation 

t o o l ,  it must be evolved with t h e  a b i l i t y  t o  provide answers t o  ce r t a in  

types of questions a s  an object ive.  

terminology too c lose ly  a t  t h i s  po in t ,  t h e  subjec t  framework i s  intended 

t o  provide ass i s tence  i n  answering two types of questions about a system 
as fo l lows:  

Without attempting t o  def ine 

- How w e l l  i s  the present system doing i t s  job? 

(MCCH system functions regarded as constant. 

questions general ly  some form of  1Ihow r e l i a b l y ?  o r  

J'how rapidlyf'l ) 

Spec i f i c  

-What a b i l i t y  does t h e  system have t o  perform i t s  present  

funct ion f o r  more data? 

("More data" i n  t h e  very general  sense required t o  

cover increased t ra f f ic  r a t e s ,  increased number of 

formats9  etce !'How e f f i c i e n t l y n  i s  considered herein 

as within t h e  scope of  th is  question although it 
could just as wel l  be considered a f u r t h e r  specif ica-  

t i o n  o f  '!how w e l l l n )  

If one addresses the  i s s u e  o f  why these  questions a r e  o f  i n t e r e s t ,  he 

immediately encounters t h e  fact  t h a t  each i s  r e l a t e d  t o  a set of  demands 

upon t h e  system and t h e  question i t s e l f  expresses i n t e r e s t  i n  how we l l  

t h e  associated s e t  of demands may be met, I n  p a r t i c u l a r ,  t he  two types 

of questions s t a t e d  above a re  r e l a t e d  t o  what a r e  r e fe r r ed  t o  herein as 
Verfomance  Demandsn and !'Augmentation Demands," respect ively.  

two demands types are viewed as t h e  s t a r t i n g  point  of  t h e  subject  framework 

with t h e  objec t ive  being a means o f  looking a t  t he  system which permits 

ana lys i s  o f  how wel l  such demands may be met. 

These 

Note t h a t  demands a r e  discussed herein a s  l ev ied  upon t h e  MCCH with 

no p r i o r  knowledge o f  whether o r  no t  these may be easily accommodated. 

This decis ion t o  ignore t h e  t rade-offs  which exist i n  prao t ice  between 

capabiLitiias,~ md requir,emencta no& qads purely &o simplify discussion. 

FRANEWORK DESCRIPTION 

Figure I descr ibes  both t h e  framework being discussed and t h e  en- 

vironment i n  which t h i s  framework must be viewed i n  terms o f  sources o f  

demands upon t h e  MCCH, processes involved i n  response t o  changing funct ions,  
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and the  impact o f  design a l te rna t ives .  

t o  t he  framework i t s e l f .  

This paragraph i s  devoted primarily 

That portion of  Figure 1 contained i n  the  double l i n e s  cons t i tu tes  

the  framework which i s  the  primary subject of  t h i s  memorandum. 

within these l i n e s  a r e  successive s tages  bf the  framework designed t o  

permit se lec t ion  and analysis  o f  those system cha rac t e r i s t i c s  r e l a t e d  t o  

the  s a t i s f a c t i o n  of  Performance and Augmentation demands. 

Figure 1 outs ide o f  t he  double l i n e s  a r e  provided primazily t o  ind ica te  

the  po ten t i a l  usefulness of t he  proposed framework i n  addressing questions 

other  than those dArectly associated with Performance o r  Augmentation De- 

mands. 

provided i n  subsequent paragraphs with emphasis on the  '"framework portion." 

Examples a r e  provided as appropriate t o  ind ica t e  the  product o f  succesqive 

stages within the  framework, but descr ipt ive information i s  kept t o  a 

minimum with comments provided only when the  f igu re  i s  considered 

inadequate. 

Indicated 

Portions of 

Figure l i s  used as a bas is  f o r  the  descr ip t ive  information 

Before the successive etages o f  the framework s t a r t i n g  a t  A m a y  be 

understood, a point r e l a t i v e  t o  the  derivation o f  NMCCH Level Requirements 

Categoriesn should be explained. 

viewed a s  associated with two MCCH In te r faces  - the  MGCH in t e r f ace  with 

the UcternalWor1dN and the  MGCH in t e r f ace  with n In te rna lMiss ion  Per- 

sonnel" (both F l igh t  Controller and Support Groups including M & 0 

personnel). Both of  these demand sources may be viewed as having both a 

physical  da t a  in t e r f ace  and an operational/mission requirement i n t e r f ace  

with the  WCH ( see  Figure I 1. Demands being "input" t o  the  MCCH across 

these in t e r f aces  become requirements from the  point  o f  view of  the  MCGH 

i t s e l f ,  In  summary, demands from two sources a r e  viewed as levying re- 

quirements upon the  MCCH as indicated i n  Figure 1. 

Stage-By-Stage Framework Descrintion ( nStagesN i d e n t i f i e d  by oircled 

l e t t e r s  i n  Figure I )  

F i r s t  o f  a l l ,  demands upon t h e  MCCH a r e  

STAGE A -Would consis t  o f  a tabulat ion of requirements categories  

a t  the MCCH l e v e l  divided, a s  one poss ib i l i t y ,  i n t o  various major and 

minor groupings t o  r e f l e c t  the s t ruc ture  o f  the demand in te r faces .  

A sample tabulat ion w i t h  examples i s  provided a s  f o l l o w s :  
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MCGH Level ReauLrements Categories 

I. Augmentation Reauirements Categories 

A. A s  associated with the External World In te r face  

1, Data In te r face  Requirements Categories for 
each data  type, the  requirement t o  respond t o  

a.  Increased number o f  d i f f e ren t  data  formats 

t o  be handled. 

b., Increased number o f  sources/destinations. 

e. Increased message rate., 

e t c .  ---------- 
2 e M i  ssion/Pro gram Scheduling Requirements Categories 

rlespond t o  requirements f o r  

a. Increased degree of simultaneous mission support 

capabi l i ty  

b, Reduction i n  MCCH "turn-aroundfl time. 
B. As associated with the  In t e rna l  Mission Personnel In te r face  

Daka In te r face  Requirements Categories respond 

t o  requirements f o r  

a -  

1. 

Increased number of se lec tab le  displays o f  a 

pa r t i cu la r  type, 

Increased number o f  posi t ions supportable by 

computer-driven display surf aces. 

be 

etc .  ---------- 
2. Operational Requirements Categories respond 

t o  requirements f o r  

a, A reduction i n  t h e  time delay between MCCH r ece ip t  

and MCCH display o f  a pa r t i cu la r  data type. 

A reduction i n  the  probabi l i ty  of  display o f  data  

o f  a pa r t i cu la r  type containing an er ror ,  

be  

e tc .  ---------- 
11. Performance Reauirements Categories 

A, A s  associated w i t h  the  External World In te r face  requirements t o  

1 e Achieve mission "turn-aroundff within the  MCCH 

within a specif ied period., 

Accomplish support of  specif ied simultaneous 

mission configurations,  
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B, A s  associated with t h e  In t e rna l  Mission Personnel 

In t e r f ace  requirements t o  

1. Display received data  within a spec i f ied  period 

o f  elapsed time s ince r ece ip t  by the  MCCH. 
Process and display p a r t i c u l a r  da ta  type within t h e  

MCCH allowing only a spec i f ied  l e v e l  of  undetected 

e r r o r  probabi l i ty .  

2. 

e tc .  __-------- 

Two observations may be made r e l a t i v e  t o  t h i s  sample tabulat ion.  

F i r s t l y ,  the  f a c t  t h a t  Performance Requirements Categories appear t o  be 

a der iva t ive  o f  Augmentation Requirements Categories r e l a t e d  t o  "how 

rapidly? how rel iably?11 i s  more than coincidental .  Further inves t iga t ion  

ind ica t e s  t h a t  t h i s  r e l a t ionsh ip  between t h e  two groupings i s  a byproduct 

o f  t he  way i n  which Performance and Augmentation Demand types have been 

defined. 

A s  a consequence, expressions of ce r t a in  augmentation and performance 

cha rac t e r i s t i c s  w i l l  t ake  i d e n t i c a l  form with the  viewpoint of  t h e  user  

providing the  only d i s t inc t ion .  For example, one might produce a curve 

showing TLM time delays as a funct ion of t r a f f i c  loading i n  t h e  system. 
One point  i n  t h i s  curve might represent  present performance while t h e  

cha rac t e r i s t i c s  o f  t h i s  curve beyond t h i s  point  would por t ray  t h e  augmen- 

t a t i o n  c h a r a c t e r i s t i c s  o f  t h e  system. 

Secondly, it i s  recognized t h a t  although t h e  above statements o f  

performance requirements categories  imply t h e  known quant i f ica t ion  o f  

such requirements, a performance ana lys i s  might of ten  cons is t  of describing 

a performance c h a r a c t e r i s t i c  of a system i n  an environment lacking any 

quan t i t a t ive  standard aga ins t  which t o  compare the  r e s u l t .  

STAGE B - Derived simply from Stage A as indica ted  i n  Figure I. 
Considered t o  be one o f  t h e  most important products of  t h e  framework approach 

because o f  t h e  d e s i r a b i l i t y  o f  es tab l i sh ing  a s e t  of effect iveness  c r i t e r i a  

against  which any system may be assessed regard less  o f  t h e  func t ions  being 

performed o r  of  t h e  mechanization technique employed. 

tabula tes  effect iveness  c r i t e r i a  associated on a I-to-I bas i s  with ce r t a in  

of t h e  sample requirements categories  tabulated above t o  i nd ica t e  t h e  ease 

o f  generating such c r i t e r i a  once a comprehensive understanding of t h e  

various categories  o f  system requirements i s  understood. 

The following 
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Related Reqmt 

Category Effect iveness  C r i t e r i a  

From an Augmentation Viewpoint, 

I .A.  I a r  above Abi l i ty  t o  accommodate new formats  f o r  each da ta  type 

as defined i n  terms of t h e  re levant  format character- 

i s t ics  * 

1 , A .  I b. Ab i l i t y  t o  accommodate an increased number of da ta  

sources/destinations f o r  each da ta  type. 

Ab i l i t y  t o  increase  the  number o f  simultaneous mission 

configurations which may be supported. 

I .A .  2 a, 

I .B.  1 a. Ab i l i t y  t o  accommodate an increased number of 

s e l ec t ab le  displays.  

Ab i l i t y  t o  achieve a reduction i n  h t a  time delays 

incurred within t h e  MCCH f o r  each da ta  type. 

I , B .  2 a, 

From a Performance Viewpoint, 

1 I . A .  I Ab i l i t y  t o  achieve mission turn-around within a 

spec i f ied  time period, 

Ab i l i t y  t o  display da ta  o f  a p a r t i c u l a r  type within a 

spec i f ied  period cf elapsed time s ince r e c e i p t  by 

the  MCCH. 

II.B, 1 

Note t h a t  a l l  effect iveness  c r i t e r i a  a r e  s t a t e d  above as an 

"Abil i ty  t o  -- 'I with the  understanding t h a t  the a b i l i t y  of i n t e r e s t  

must be analyzed i n  an environment i n  which the  funct ions performed rela- 

t i v e  t o  each da ta  type remain constant. A t  t h i s  po in t ,  however, * I .  

e f fect iveness  c r i t e r i a  a r e  not s ens i t i ve  t o  which port ion o f  t h e  MCCH 
performs which funct ions.  

STAGE C - Although t h i s  s tage  has a more minor s ignif icance it 
appears i n  the  framework as d i s t i n c t  f rom STAGE B t o  permit t h e  se lec t ion  

from t h e  l i s t  o f  ove ra l l  MCCH c r i t e r i a  included a t  B o f  only those c r i -  

t e r i a  which are re levant  t o  each p a r t i c u l a r  MCCH port ion.  

obviously warranted, f o r  instance,  i n  cases where an effect iveness  

c r i t e r i o n  viewed on a per  type o f  data  bas i s  i n  STAGE B r e l a t e s  t o  a type 

o f  da ta  which i s  not  handled by a p a r t i c u l a r  MCCH System. 

i n  Figure 1 ,  t he  de f in i t i on  o f  these  cases requi res  a knowledge o f  t h e  way 

i n  which ove ra l l  MCCH funct ions have been a l loca ted  between d i f f e r e n t  MCCH 
systems. Note t h a t  t h e  present ly  accepted del ineat ion between port ions of 

Omissions a r e  

A s  ind ica ted  
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t h e  MCCH has been r e f l e c t e d  and a l s o  t h a t  an Intersystem Effect iveness  

C r i t e r i a  grouping appears t o  provide recognition t h a t  t h e  a b i l i t y  t o  

respond t o  ce r t a in  types o f  requirements may be reasonably viewed only on 

an intersystem bas is .  

f a l l  i n  t h i s  category although one could consider these  delays t o  have a 

per  system component with the t o t a l  p i c tu re  achieved by simple summation. 

End-to-end time delays within t h e  MCCH c e r t a i n l y  

STAGE D - A s  ind ica ted  i n  Figure 1, t h i s  s tage  appl ies  t o  t h e  t a sk  

o f  proceeding from C 

wi th  Augmentation Demands 

f o r  those effect iveness  c r i t e r i a  associated 

This s tage  r e f l e c t s  t he  f a c t  t h a t  f o r  any ab i l i t y  of t he  system 
associated w i t h  system growth, a primary cons t ra in t  on t h i s  a b i l i t y  may 

be i d e n t i f i e d  based on t h e  de t a i l ed  nature  of  t h e  system. 

be placed on t h e  necess i ty  t o  defihe only the  primary cons t ra in t .  

l e s s  o f  t h e  na ture  o f  a p a r t i c u l a r  system configuration, one w i l l  generally 

be ab le  t o  def ine severa l  cons t ra in ts  d i c t a t ed  by t h e  system 
apply t o  t h e  same ability. 

cons t ra in t  i s  derived from t h e  f a c t  t h a t  it appears imprac t ica l  t o  examine 

system c h a r a c t e r i s t i c s  i n  terms o f  a l l  of  t h e  def inable  cons t ra in ts .  

Emphasis should 

Regard- 

design which 

The des i r e  t o  l i m i t  ana lys i s  t o  t h e  primary 

To make t h e  t r a n s i t i o n  from C t o  D, a thorough knowledge i s  required 

of  t h e  mechanization techniques employed i n  t h e  system t o  implement t h e  

assigned functions.  Perhaps it i s  usefu l  t o  view D a s  a tabula t ion  of 

primary cons t ra in ts  r e l a t e d  t o  system l e v e l  (as opposed t o  MCCH l e v e l )  

effect iveness  c r i t e r i a  on a I-to-I basis. An example o f  the  'Ientriesll i n  

such a tabula t ion  i s  shown below. The en t ry  f o r  both t h e  ex i s t ing  system 

and t h e  CCATS system r e l a t i v e  t o  t h e  same effect iveness  c r i t e r i o n  i s  pro- 

vided t o  i nd ica t e  t h e  s e n s i t i v i t y  t o  mechanization 

Effectiveness Criteria f o r  Comm. System - Ability t o  accommodate an in- 

creased number o f  data sources/destinations f o r  each da ta  type. 

technique. 

Defining t h i s  ab i l i t y  a s  simultaneous accommodation of  d i f f e r e n t  TLM 
formats ,  t h e  following results are obtained: 

For t h e  ex i s t ing  system, t h e  number of d i f f e r e n t  TLM 

b i t  streams which may be handled simultaneously i s  
equal t o  t he  number of ground s t a t ions .  Shply,  therefore  - 

Primary Constraint  = No, of Ground S ta t ions  

69 



For t h e  CCATS system, t h e  number o f  d i f f e r e n t  TLM 

b i t  streams which may be handled simultaneously i s  
l imi t ed  pr imari ly  by the  amount of s torage reserved 

f o r  t h e  buildup o f  TLM parameter tab les .  (Used f o r  t 

purposes of example - not necessar i ly  r e a l i s t i c , )  

Therefore - 
Prim- Constraint  = Amount of  core s torage 

ava i lab le  f o r  TLM parameter 

tab les .  

STAGE E - This s tage  represents  t h e  result of determining t h e  most 

appropriate  way o f  describing t h a t  c h a r a c t e r i s t i c  of  the system associated 

with each effect iveness  c r i t e r i o n  i n  C.  

s idered t o  cons t i t u t e  an expression of  t he  a b i l i t y  upon which t h e  

effect iveness  c r i t e r i o n  i s  based. 

Such a descr ipt ion may be con- 

Treating t h i s  s tage  r e l a t i v e  t o  effect iveness  c r i t e r i a  i n  t h e  augmen-' 

t a t i o n  grouping and not ing t h e  s ignif icance o f  D as described above, it 

may be seen t h a t  t he  "expression o f  a b i l i t y t f  becomes an expressson of the  

primary cons t ra in t  when augmentation cha rac t e r i s t i c s  are o f  i n t e r e s t  

( see  Figure 1).  
s t r a i n t s  i d e n t i f i e d  i n  t h e  descr ipt ion of D, t h e  expression would 

cons is t  simply of t h e  number o f  ground s t a t i o n s  f o r  t he  ex i s t ing  system 
and of a curve o f  core s torage usage vs. t he  number o f  TLM streams 
simultaneously processed f o r  CCATS. When performance cha rac t e r i s t i c s  a r e  

o f  i n t e r e s t ,  achieving E i s  just  a matter  of  determining the  means o f  ex- 

pressing such c h a r a c t e r i s t i c s  i n  a way which bes t  f a c i l i t a t e s  i n t e rp re t a t ion  

from an opera t iona l  po in t  of view. 

For example, considering t h e  p a r t i c u l a r  primary con- 

STAGE F - The t r a n s i t i o n  from E t o  F cons t i t u t e s  the ac tua l  de t a i l ed  

ana ly t i c  work. No framework could o r  should d i c t a t e  ana ly t i c  techniques 

a t  t h i s  l eve l ;  these  a r e  based on t h e  nature  o f  t he  i s sue  being addressed 

and t h e  da ta  ava i lab le  t o  support analysis. 

Framework Environment 

The port ions of Figure 1 outs ide  o f  t he  double l i n e s  a r e  considered 

herein as t h e  "framework environment" and are added t o  i nd ica t e  how t h e  

framework i t s e l f  may be considered t o  be r e l a t e d  t o  system viewpoints/ 

i n t e r e s t s  which i n  i tsel f  does not  s p e c i f i c a l l y  cover. I n  particular, the 
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t h e  framework s p e c i f i c a l l y  r e f l e c t s  only Performance and hgmentat ion 

viewpoints and r e f l e c t s  these  only once t h e  t o t a l i t y  o f  MCCH funct ions h 

have been defined and a design a l t e r n a t i v e  has been se lec ted  i n  terms o f  

,a  p a r t i c u l a r  a l loca t ion  of funct ions within t h e  MCCH and o f  a p a r t i c u l a r  

mechanization technique f o r  each funct ion (or set of funct ions) .  

bas i s  o f  t h i s  summasy statement of t h e  l imi t a t ions  of t h e  frahework, o ther  

port ions of Figure 1 s p e c i f i c a l l y  r e l a t e  t o  a p a r t i c u l a r  type o f  demand 

not  r e f l ec t ed  within the  framework and t o  t he  in t e r r e l a t ionsh ip  between 

the  framework and t h e  establishment of  design a l t e r n a t i v e s  i n  terms of 

varying func t iona l  a l loca t ions  and/or mechanization techniques. 

On the  

Functional demands appear t o  be the  only major  demand type not covered 

within t h e  scope of  t h e  framework i t s e l f .  

such demands i n  a manner which should be self-explanatory. Most important 

i s  the  f a c t  t h a t  once t h e  t o t a l i t y  o f  MCCH funct ions has been defined, t he  

next s t e p  i s  t o  def ine a design a l t e r n a t i v e  i n  t h e  terms noted above and 

as  shown i n  Figure 1. Also as indica ted  i n  Figure 1, def in i t i ons  of  t h e  

two f e a t u r e s  - func t iona l  a l loca t ion  and mechanization technique - o f  a 

design a l t e r n a t i v e  serve as inputs  t o  t h e  process of proceeding through 

successive s tages  o f  t he  framework. If one i s  concerned with new system 
design a l t e r n a t i v e s  i n  response t o  a new de f in i t i on  o f  MCCH funct ions i n  

response t o  func t iona l  demands, the  func t iona l  a l loca t ion  and mechanization 

Figure 1 ind ica t e s  t h e  f a t e  of' 

techniques f ea tu res  o f  these  a l t e rna t ives  must be defined before they may 

be investigated/compared i n  terms o f  t h e i r  performance and augmentation 

cha rac t e r i s t i c s  v i a  t h e  framework approach. 

Non-framework port ions o f  Figure I o ther  than those associated with 

the  response t o  func t iona l  demands merely ind ica t e  t h a t  an i t e r a t i v e  cycle 

of design a l t e r n a t i v e s  and systems ana lys i s ,  once "triggered**, w i l l  no t  

terminate u n t i l  t h e  user  i s  s a t i s f i e d  with both t h e  augmentation and per- 

formance cha rac t e r i s t i c s  of  t h e  system. 

must be tempered by cost  and schedule considerations which a r e  not  covered 

by the  proposed framework and by t h e  extent  t o  which e x p l i c i t  statements 

of performance and augmentation cha rac t e r i s t i c s  a r e  made ava i lab le .  ) 
cyc l i c  behavior implies t h a t  t h e  framework approach could prove use fu l  i n  

providing a common and consis tent  s e t  o f  c r i t e r i a  aga ins t  which t o  evaluate  

any design a l t e r n a t i v e  whether or not  such an a l t e r n a t i v e  may be t raced  t o  

new funct iona l  demands. 

(Obviously, user sa t i s f ac t ion  

This 
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RECOMMEXDATION FOR FURTHER DEVELOPMENT AND USE 

It i s  s t rongly recommended t h a t  t h e  approach described herein o r  some 

o ther  analogous approach be developed f o r  use as  a working t o o l  i n  support 

o f  a continuing systems analysis and evaluation a c t i v i t y .  To achieve t h i s  

end, s i g n i f i c a n t  review by a l l  p a r t i e s  concerned w i l l  be required.  

Cri t iqueing by NASA should s p e c i f i c a l l y  include t e s t i n g  of t h e  framework 

aga ins t  a l l  questions o f  user  i n t e r e s t  t o  uncover any s ign i f i can t  areas 

not  covered. Such cr i t ique ing ,  of course, would f o l l o w  f u r t h e r  work by 

MITRE personnel t o  evolve t h e  framework t o  a more f i n a l  form. 

Once an agreed upon framework has been establ ished and i s  colmonly 

understood by both MITRE and appropriate NASA personnel, t he  framework 

might be employed t o  the following ends: 

- To permit t h e  se l ec t ion  of spec i f i c  augmentation and 

performance cha rac t e r i s t i c s  warranting de ta i l ed  ana lys i s  

as p a r t  of an on-going systems anaLysis/emiLuation e f for t ,  

r e l a t i v e  t o  the ex i s t ing  configuration (a t  any point  i n  time). 

- To provide a commonly-accepted and consis tent  s e t  of 

e f fec t iveness  cri teria against  which any design a l te rna-  

t ives/proposals may be evaluated i n  terms o f  t h e i r  

r e l a t i v e  augmentation and performance merits. 
may involve only a new mechanization technique, only a new 

funct iona l  a l loca t ion ,  o r  both. ) 

(Alternat ives  

- To encourage t h e  breakdown of  NASA-wide requirements 

i n t o  those components which permit evaluation of t h e i r  

impact upon t h e  performance and augmentation cha rac t e r i s t i c s  

of t h e  MCCH. 
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APPENDIX B 

BACKUP DATA FOR COMMUNICATIONS SYSTEM ANALYSIS 

PURPOSE 

The purpose of t h i s  appendix i s  t o  provide t echn ica l  d a t a a n d  discus- 

s ion i n  support o f  t h e  analyses described i n  t h e  main body o f  t h e  repor t  

t o  the extent  such information i s  not  contained i n  t h e  repor t  i t se l f .  
formation presented i n  t h i s  appendix i s  not i n  i t s e l f  meaningful; i t  must 

be understood i n  l i g h t  of t h e  main repor t  i t se l f .  

BAC!liUP DATA FOR TLM DATA HANDLING ANALYSIS 

In- 

Data i n  t h i s  paragraph i s  provided i n  support of Figure 2-1. The 

means o f  ca lcu la t ing  both the  Cycle Sync and Mechanization Delays presented 

i n  Figure 2-1 i s  described. 

Propagation Delays 

This category o f  delays may be t r ea t ed  i n  a group. Propagation delays 

between components o r  s tages  i n  t h e  same fac i l i ty  were considered negl ig ib le .  

Propagation delays between the  vehic le  and a remote s i t e  (any remote s i t e  

as<  ah ,approximation) and between the  remote s i t e  and t h e  MCCH were com- 

puted using a worst-case TELCO propagation f i g u r e  o f  60,000 miles/second. 

Whether o r  not t h i s  p a r t i c u l a r  worst-case f i g u r e  un fa i r ly  exaggamted the  

propagation delay r e s u l t s  was not  inves t iga ted  due t o  t h e  smal l  contribution 

o f  propagation delays t o  t o t a l  delay. 

follows based on a similar Philco analysis  contained i n  t h e  Telemetry Sub- 

system da ta  books: 

Mileage f igu res  were assumed as 

Vehicle t o  remote si te,  200 miles 

Remote s i t e  t o  MCCH, 2,600 miles (worst-case) 

The p a r t i c u l a r  propagation delays associated w i t h  TLM transmission from 

down-range s i t e s  t o  Cape Kennedy have been included as p a r t  of  the Mechmi- 

zat ion Delay associated with Cape Kennedy as t h e  s i t e  wide-band da ta  source. 

Cycle S m c  Delays 

This category o f  delays may a lso  be t r e a t e d  as a group f o r  descr ip t ive  

purposes. 

f o r  a remote s i t e  should be self-explanatory based on t h e  r e l a t e d  discussion 

within the  main body o f  t h e  repor t .  Although the  nature  o f  Buffer/Formatter 

Cycle sync delays ind ica ted  i n  Figure 2-1 f o r  t h e  vehicle  and 



and RTCC cycle sync delays should a l so  be c l a r i f i e d  by t h e  same discussion, 

addi t iona l  information i s  as follows: 

For the  Buffer/Formatter, t he  present ly  employed output 

"frame rate" of 1 frame per  second was assumed. 

Regarding t h e  RTCC, a port ion o f  telemetry processing i s  

accomplished by software which operates  per iodica l ly  on a 

I second bas is .  

Note t h a t  t h e  legit imacy of equating the  sum of t h e  averages t o  t h e  accumu- 

l a t i v e  average f o r  purposes o f  t h i s  ana lys i s  i s  based on t h e  f a c t  t h a t  t h e  

probabi l i ty  o f  incur r ing  a cycle sync delay within a range from t h e  worst 

case t o  t h e  bes t  case assumes a uniform d i s t r ibu t ion .  

Vehicle - Mechanization Delays 

These delays and a l l  o ther  mechanization delays were calculated 

assuming t h a t  a f u l l  word o f  telemetry da ta  (8 b i t s )  i s  required t o  f u l l y  

describe a parameter value.  This assumption in t en t iona l ly  y i e l d s  results 

of a worst-case na ture  (only 1 b i t  required t o  describe a b i l e v e l  event)  

noting 16 and 24.-bit d i g i t a l s  as an exception. Spec i f ica l ly ,  delay 

approximations were made by viewing t h e  on-board commutation system as 

1) required t o  obtain an 8-bi t  word f o r  down-linking within t h e  time t h a t  

t h e  previously-acquired word i s  being down-linked a t  the  appropriate  b i t  

r a t e  and 2) as output t ing da ta  from a para l le l - to-ser ia l  converted a t  t h e  

down-links ra te .  

down-link ra te  of 16.384 t o  provide worst-case r e s u l t s .  

On t h i s  bas i s ,  ca lcu la t ions  were made using t h e  AGENA 

These were - 

I sees/  MD = 2 ( b i t s  X 16,381, 'bit) = 960 MSEC 

= 0.001 sec.m Figure 2-1 

Remote S i t e  Mechanization Delays, C a D e  Kennedy 

These delays were calculated assuming r ece ip t  of down-linked da ta  via 

a down-range s i t e ,  meaning a dupl icat ion of cer ta in  processing s tages  be- 

tween t h e  o r i g i n a l  r ece ip t  and transmission from Cape Kennedy, 

p a r t i c u l a r ,  delays were doubled f o r  t h e  following items: 
RSDP, TOB, modem. 

I n  

ground s t a t ion ,  

Ground s t a t i o n  delays were calculated by working backwards from the 

observation t h a t  such a device may be viewed as maintaining pace with t h e  

input  b i t  ra te  with the  support only a s ing le  7 word ( 8  b i t s )  ser ia l - to-  

p a r a l l e l  converter ac t ing  as a buf fer  r e g i s t e r .  A ground s t a t i o n  must, 
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therefore ,  be capable o f  processing a word within t h e  time required t o  

accumulate 

kbps was used f o r  calculat ion purposes. 

another word a t  the  input  l i n e  r a t e .  A down-link r a t e  o f  51.2 

RSDP (Buffer-Multiplexer i n  the  case o f  Cape Kennedy) delays were 

crudely estimated based on t h e  observation t h a t ,  due t o  t he  continuous t rans-  

miss ion  c h a r a c t e r i s t i c  of  telemetry information f l o w ,  t h e  RSDP i s  required 

t o  keep pace with input  da ta  by processing as many T I N  words per second as 
are required t o  produce a 100% duty cycle on a 40.8 kbps l i n e .  The delay 

derived f r o m  t h i s  observation i s  designated t h e  "RSDP Processing Delays." 

Using reasoning analogous t o  t h a t  presented f o r  vehicle  transmission de- 

l ay ,  an "RSDP Processing Delay" equal t o  8 b i t  times on a 40.8 kbps l i n e  

was a l so  calculated and doubled. 

Modem-and Telemetry Output Buffer were estimated t o  be on t h e  order 

o f  I b i t  time with a t o t a l  f o r  the  two devices o f  1.5 msec. 

Almost outweighing a l l  other  ca lcu la t ions ,  a lrfatrl  delay o f  60 msec 

was added t o  r e f l e c t  down-range rece iver  delays and down-range t o  Cape 

Kennedy propagation delays.  

Philco-Houston RSDP personnel. 

This f igu re  was provided a s  a worst-case by 

Resul ts  o f  above: 

Delay Tme Delay Value 

Ground S ta t ion  

RSDP Processing 

RSDP X mission 

TOB and Modem 

Additional DR delays 

0.4 msec ( 2  x 0.2 msec) 

0.4 msec ( 2  x 0.2 msec) 

0.4 msec ( 2  x 0.2 msec) 

3.0 msec ( 2  x 2.5 msec) 

- 60.0 msec 

Total  64.2 = 64 msec 

Remote S i t e  Mechanization Delay, High-speed S i t e  

Using reasoning analogous t o  t h e  above, ca lcu la t ing  a grea te r  trans- 
miss ion  delay based on a lower output b i t  r a t e  (2.0 kbps), and el iminat ing 

t h e  need f o r  11doubling;r7 following a r e  the  r e s u l t s :  

Delay Type Delay Value 

Ground S ta t ion  0.2 msec 

RSDP Processing 0.2 

RSDP X mission 4* 0 

TOB and Modem xi- 
T o t a l  5.9 msec 6.0 msec 
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MCCH Receiving Modem Mechanization Delay 

Approximated a t  I msec. 

MCCH PCM Ground Sta t ion  Mechanization Delay 

Calculated as 8 x 1/40.8 using reasoning as  presented f o r  remote s i t e  

ground s t a t i o n  delays,  Result:  200 microseconds which was fIroundedfl t o  

1 msec for s m a t i o n  purposes. 

MCCH Directly-Driven Display Mechanization Delavs 

Because e s s e n t i a l l y  a flhard-wire" e x i s t s  between t h e  ground s t a t i o n s  

and an operators  display,  an approximate delay of  1 msec was assumed with 

t h e  ac tua l  delay being i n  terms o f  microseconds. 

MCCH Buffer/Formatter Mechanization Delays 

Estimated t o  correspond t o  a l a rge  number o f  B/F memory cycles requir-  

ing  50 usecs p lus  a transmission delay f o r  8 b i t s  a t  t he  output r a t e  o f  

4.8 kbps, t he  l a t t e r  being approximately 1700 microseconds. Result: a t o t a l  

delay o f  approximately 1750 microsecond or 2 msec. 

MCCH Communieations Processor Mechanization Delays 

Estimated based on the  following components: 12 b i t s  worth of  input  

buffer ing within a CLT p r i o r  t o  placing i n  memory, an average time of 1/2 

frame transmission time (estimated as 1/2 t h e  time required a t  l i n e  speed 

t o  f i l l  a C. P o  memory buf fer  o f  159 words) p r i o r  t o  processing being 

i n i t i a t e d  by an i n t e r r u p t ,  a time t o  accomplish proc-essing based on being 

" in  the  middle" o f  t h e  tasks  performed within 0.58 seconds (based on t h e  

68% C. Po loading measurement) and a time t o  output data  t o  the  RTCC a t  

40 , s  kbps assuming loca t ion  i n  t h e  middle o f  t h e  159 word buffer  used f o r  

d i r e c t  output t ing.  Results:  

Delay Tme Delay Value 
1 12 X - = 2.5 msec 

2 4,800 

2 

- - 
4,800 

Input CLT Buffering 

In t e r rup t  " w a i t  ingf' 

Processing 

Output X mission 

22,- l 2  = 200 msec 

= 340 msec 

= X  l 2  = 2 ~ ,  msec 

Total  = 567 msec 

- - 

- - .680 - 

- - 
2 40,800 

= 0.6 seconds 
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MCCH RTCC Mechanization Delav 

An estimate o f  t h i s  delay was provided by MITRE personnel performing 

t h e  RTCC analysis  port ion o f  t h i s  study and required r e l a t i v e l y  crude 

assumptions on t h e  impact o f  job queueing within t h e  RTCC. 

seconds ( including RTCC input  buffer ing a t  a s ing le  12 b i t  character) .  

Result: 0.2 

MCCH Computer-Driven Display Mechanization Delay 

The delay employed was based on t h e  assumption of  TV displays as a 
worst-case. MITRE personnel performing t h e  Display and Control System 

ana lys is  port ion o f  t h i s  study provided da ta  leading t o  an estimate o f  
1-8 msec. 

BACKUP. DATA I N  SUPPORT OF THE COMMUNICATION PROCESSOR LOADING ANALYSIS 

Measurement Configurations 

Configurations a r e  l i s t e d  i n  t h e  order i n  which da ta  was ac tua l ly  

col lected.  During a l l  measurement periods,  t he  Switcher cycle count was 

recorded a t  1 second in t e rva l s .  

Conf i g  . Configuration Me a sur emen t Loading Resul ts  

# I  2 B/F Channels: 1 w/ 1 minute 15.6 % 3.5% 

Approximat e 

IP Description Duration k 9 0 A  

GEavIINI da ta ,  1 w/ 
AGENA lrBlr da ta  

# 2  I B/F Channel w/ I minute 13.5 2.8 
Titan da ta  

# 3  1 IP DCU-R Input 1 minute 18.0 4.3 
# . 4  I GE/B DCU-R Input I minute 16.7 3.2 
# 5  2 GE/B DCU-R Inputs  1 minute 13.3 4.2 

# 6  1 BDA DCU-R Input I minute 20.6 5.3 
# 7  3 DCU-R Inputs  ( I  each f o r  1 minute 29.8 6.1 

IP,  GE/B, BDA) and 

2 B/F Channels (I w/ 
GEN, AGENA, Ti tan,  o ther  

w/ AGENA llBlr)  

# S  A l l  6 DCU-R Inputs  (2 each 1 minute 42.9 8.2 
f o r  IP ,  GE/B, BDA) and 

same B/F Inputs  as # 7 
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Config. 
- IP 

Approximate 
Configuration Measurement Loading Results 

Description Duration lC90-424- 
# 9  Peak Traf f ic  S i tua t ion :  % minutes 68.0 k 13.3 k 

Config. # 8 plus  MDCS 

inputs  (CW Load t o  ETR, 

SPC Load t o  TEX) p lus  

5 TTY send devices con- 

t inuously t ransmit t ing 

NASCOM t r a f f i c  p lus  1 TTY 

send device t ransmit t ing a 

TLM Summary p lus  RTCC-gen- 

e ra ted  Command Loads and 

TLH Rebroadcasts 

# 10 B u f f  er/Formatter Component I minute 20.6 5.3 

# 1 1  DCU-R Component o f  # 9 1 minute 40.0 7.5 
# 12 TTY Component o f  # 9 2 minutes 19.6 4.0 

# I4 

of # 9 

# 13 MDCS Component o f  # 9 I minute 37.6 10.0 

No Data Cal ibrat ion Si tua-  2 minutes ---- ---- 
t i o n  

Data was co l lec ted  f o r  cer ta in  of t he  configurations l i s t e d  on two 

separate  occasions. 

of an unknown program e r ro r  on one such occasion prevented the  co l lec t ion  

of va l id  da ta  f o r  t he  490. Note a l so  t h a t  f o r  a combination of reasons in- 

cluding the referenced program e r ro r ,  va l id  da ta  was not  d i r e c t l y  co l lec ted  

for two cases: a t r u e  peak t r a f f i c  case f o r  t h e  4.90 and i n  t h e  case 

of t h e  RTCC component o f  t he  peak t r a f f i c  case. Valid resul ts  were col- 
l ec ted ,  however, f o r  a 490 peak t r a f f i c  case excluding only RTCC t r a f f i c  

and f o r  494 peak t r a f f i c  s i t ua t ions  both with and without RTCC inputs .  An 

assumption was made, therefore ,  t o  obtain cer ta in  resu l t s  o f  the analysis :  

an increase i n  t h e  490 loading t o  r e f l e c t  RTCC inputs  was assumed t o  be 

proport ional  t o  the same increase measured for t h e  494. 
t h e  RTCC component contribution t o  t h e  sum of the  p a r t s  ( required t o  calcu- 

l a te  X f o r  t h e  peak case) w a s  estimated as being proport ional  t o  the  

re la t ionship  between t h e  sum of a l l  other  p a r t s  and t h e  measured loading 

f o r  t h e  494 without RTCC inputs .  

Only a s ingle  r e s u l t  i s  shown because the  existence 

A s  a corol lary,  
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Data Reduction 

After studying t h e  cha rac t e r i s t i c s  of recorded data ,  it was determined 

t h a t  averaging of the  measurements recorded for a s ing le  configuration 

would provide t h e  most meaningful results.  

accomplished f o r  a11 da ta  poin ts  associated with a pa r t i cu la r  configuration 

due t o  the  l a rge  data  reduction e f f o r t  involved i n  canverting counts ce-.. 

corded i n  o c t a l  t o  t h e i r  decimal equivalent.  

such a conversion capabi l i ty  as p a r t  of t he  t o o l  i t s e l f  would be highly 

desirable .  ) 

Averaging,. however, w a s  noL 

.(Note .that incorporat ion of - 

Because of t he  importance of numeric loading resul ts  i n  t h e  p e a k h a d  

cases, these resul ts  were achieved by averaging every f i f t h  data point  re- 
corded (approximately 330 poin ts  i n  the  measurement period).. Results f o r  

a l l  o ther  configurations were general ly  achieved by averaging only two 

d.ata poin ts  - t he  point  f o r  which t h e  highest  l e v e l  of loading w a s  recorded 

and t h a t  f o r  which the  lowest l e v e l  was recorded. 

employed because of a lesser i n t e r e s t  i n  t he  ac tua l  resu l t  values.  

inaccuracies involved were checked a t  random by averaging every th i rd .po in t  

i n  a few cases with the  conclusion t h a t  t h e  two poin t  technique a f fec ted  

t h e  resu l t  by approximately - 1%. 

loading result  obtained. ) 

an exception t o  the  use of averaging a s  noted within the  repor t  i t s e l f .  

This s implif icat ion was 

The 
c 

+ + 
(- 1% of the  resu l t  i t s e l f ,  no t  of t he  

The resul ts  of t he  ca l ibra t ion  measurements are 

Note t h a t  t h i s  ana lys i s  has es tab l i shed  confidence that  averaging of 

resul ts  i s  meaningful i n  most cases. 

e f f o r t  may be reduced i n  the  future by se lec t ing  a recording i n t e r v a l  approxi- 

mately equal t o  t h e  period of measurement i n t e r e s t .  Result: averaging 

automatically achieved. 

This implies t h a t  data  reduction 

Configurations Used t o  Support Figure 2-9 
Configurations are i d e n t i f i e d  below as associated w i t h  t h e  p a r t i c u l a r  

i n t e r rup t  rates providing data  poin ts  f o r  t h e  in t e r rup t  ra te  vs. loading 

curve, Figure 2-9. 

In te r rupt  Rate Conf ia a In te r rupt  Rate Conf i g  .. 
l/second # 2  20/second # 7  
2 # I , # P  32 : #I1 

IC # 3 ,  # 5, # 10 3t 36 # 8  
10 # 6  

+t These same combinations were used t o  achieve results r e l a t i v e  t o  inves t i -  

gat ing loading s e n s i t i v i t y  t o  de ta i led  data  cha rac t e r i s t i c s  as described i n  

the  main body o f  the  repor t .  
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Configurations t o  Support Calculation of Overlap Form Factor (X) 
The r e s u l t s  of ca lcu la t ing  X f o r  t h e  peak t r a f f i c  s i t ua t ion  a re  re- 

f l e c t e d  i n  the  main body of t h e  report .  

was calculated are indicated below i n  terms of the addi t ive  r e l a t ionsh ip  

between cer ta in  configurations.  Results are indicated as w e l l .  

Other configurations for which X 

Config. # 7 = Configs. # 3 + # 4 + # 6 + # IO 
X = 0.346 f o r  494, 0.434 f o r  490 

Config. # 8 = Config. # IO + Config. # I I 

X = 0.666 f o r  494, 0.8 f o r  490 
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APPENDIX C 

This Appendix contains  a bibliography of documents consulted i n  

accomplishing the  ana lys i s  reported i n  t h i s  Volume-11. 

1 .  

2 .  
3. 

4e 
5. 
6. 
7. 

8. 
9. 

I O .  

11 

12. 

13. 

14. 

Goss Communication Network Data Book, PHO-1Z1000, 20 Oct. 1964, 
Vols.  3 and 4. 

Goss  Telemetry Network Data Book, PHO-I ZIOO, Vols 1 , 1 A & 2. 
Communications, Command and Telemetry System Speci f ica t ion ,  
SS-03549A (Supersedes SS-03549, dated 29 Dee. 1965) a 

Goss D i g i t a l  Command, Data Book, PHGRT122, Vols. 1-3, July 1964. 
Training Course , PCM/I 028 Ground S ta t ion ,  Lockheed Aircraft Co. 
GTA-8 Telemetry Data Format Control Handbook, 13  Dee. 1966. 
Univac document, Wnivac 490 Communications Processing System, 

System Design Manual", p lus  aiiendments. 
Univac document, "General Reference Manual f o r  494 System". 
B e l l  Telephone Labs document MF5-4332-11, "Comm. Processor- 

Bell  Telephone Labs document MF5-4332-54, "Comm. Processor- 

Bell Telephone Labs document MF5-4332-60, tlComm. Processor- 

Radiation Melbourne document, "Technical Spec i f ica t ion  For 

Radiation Melbourne document, Waster Dig i t a l  Command System, 

Phi lco document PHO-TRI 81 "MCCH Telemetry, Command and Com- 

Phi lco Spec i f ica t ion  No. SS-03549B9 llCompunications, Command 

Analysis of Char. Transfer Functionft, 31 March 1965. 

Analysis o f  Processing (P ) Function", 22 Nov. 1965. 

Analysis o f  Storage Function", 27 Dee. 1965. 

Master D i g i t a l  Command System", undated. 

Operation & Maintenanceft, Vols, I & 11, November 1964. 

munication Augmentation Analysis f o r  Apollo Programrt, undated. 

and Telemetry System Speci f ica t ion" ,  5 Apri l  1966. 
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